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He studied at Uppsala University and at Lund University in 1824. He received a Magister degree
in 1829. In 1839, he was appointed professor of zoology at Lund University. Lovén was elected
a member of the Swedish Royal Academy of Sciences. He was appointed professor and curator at
the Swedish Museum of Natural History invertebrate department, a position he held between 1870
and 1892. Lovén devoted his scientific work to echinoderms, mainly sea urchins. Lovén founded
Kristineberg Marina Research Station in 1877. Work at that location had been carried out
continuously since 1835. He retired in 1891 because of ill health at age 82. Lovén was an external
member of the Bavarian Academy of Sciences and Humanities, a corresponding member of the
French Academy of Sciences and the Prussian Academy of Sciences. He was an honorary Fellow
of the Royal Society of Edinburgh, a foreign member of the Geological Society of London and a
Foreign Fellow of the Royal Society of London.
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When we are concerned with the classification of Echinoderms and we are looking for natural
and precise characters to divide them, we are struck by the difficulties we have in comparing the
complicated and varied organization of same elements of one group with another. We are
astonished to find essential points that today, after so much work, have need to be clarified and
considered again. It is in the hope of being able to fill some of these gaps that this memoir has
been undertaken.1 If, among the facts to which it has led, there are those that make it less difficult
to make some necessary distinctions to improve knowledge of the different types of this class, they
merit continuing studies. Science is indebted for liberal support given, at the request of the
Academy of Sciences, by the Government and Diet for the preparation of the plates, without which
it would have been impossible to publish with clarity the most minute and very difficult details of
structure.
__________

I.
SPHAERIDIA
Attentive examination of the different organs grouped around the peristome of an urchin or
spatangid of our seas shows in the middle of the tentacles, spines and tube feet, a number, varying
with species, of globules, spherical, ellipsoidal or somewhat irregular with a very short pedicel
articulating to small mamelons of the test and arranged with some regularity on the peristomal part
of the ambulacra.2 Once seen, they are found in all living species except those of the genus Cidaris
in which they seem to be entirely missing. We can call them sphaeridia according to their most
common form. They are transparent, shiny, hard and strong, and covered with a tissue with
pigmented cells, an epithelium and a cuticle with cilia3.

1

The principal results given here have been communicated to the Academy of Sciences 12 May 1869 and 14 June
1871 and an abstract published in the Ofversigt af K. Vetenskaps-Akademiens Fôrhandlingar, 1871, No 8, p. 1065,
printed in August and September 1872, translated in the Archiv fiir Naturgeschichte, Jahr. XXXIX, I, p. 16, and in
the Annals and Magazine of Natural History, fourth séries, X, p. 285, 376, 427. See also Comptes-rendus de
l'Académie des Sciences. LXXV, p. 803. The time necessary for the execution of the plates has permitted the
addition of some observations on the genera and species accessible only after the date of presentation of this memoir.
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PI. II, fig. 27.
PI. I, fig. 2–22: pl. II, fig. 23–26.
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The sphaeridia consist in their hard parts of
two distinct calcareous elements, a reticular tissue
that constitutes nearly alone the pedicel and that
often more or less penetrates into the interior of
the globule and a compact, vitreous external
substance of which it is nearly entirely formed4.
The reticular tissue, very dense in the pedicel,
extends more or less around the base of the
globule5 and, when it continues, as is most often
the case, into the interior of the globule and in the
direction of the axis, it forms a kind of more or
Plate II, b, 1 Amphidetus flavescens (0. F. MÛLLER)
less regular framework6. The predominate
scarcely adult, with its tentacle with brush, spines,
substance of the globule, on the contrary, is
and pedicellariae. b.p. edge of peristome; i, tube of
arranged in superposed and excessively thin
tentacle; p, tentacular pore; sph. sphaeridium.
concentric layers7 that extend exteriorly onto the
collar of the pedicel in tracks that leave archshaped spaces between them. There are globules whose interior has nothing but these layers8, all
trace of the reticulated tissue having disappeared from the growth of the vitreous substance. In
others, there remains only some scattered fragment suspended in the transparent mass9 where the
reticular tissue is broken into detached pieces, displaced and partly dissolved10. Sometimes, the
more or less coherent parts of the network can still be seen or even arranged in a way that the
original form can be recognized11. Likewise, in the sphaeridia of Echinocardium cordatum (O. F.
M.), fig. 4, we sometimes see regular more or less vertical series of pieces like folded lanceolate
leaves that are hardly anything other than the remains of corners of the mesh of the reticular tissues.
In many cases also, the interior framework is more or less intact. Thus, in the sphaeridia of
Loxechinus albus (MOL.), fig. 13, it is maintained nearly to the middle of the globules. Its pillars
are transformed into very long, and slightly twisted branches, that extend nearly to the surface of
the globule. In those of Spatangus purpureus O. F. M., fig. 22, the last pillars of the mesh are folded
outward and toward the hollows of the vitreous substance.
Beside these diversities that depend in a more or less evident way on changes in the reticular
tissue during the growth of the spheroid, there are others restricted to the vitreous substance. It is
not uncommon to find globules pierced from one end to the other by a narrow canal, sometimes
open from the apex to the pedicel12, sometimes closed in part, especially in the upper part, so that
it appears only in the lower half13. In addition, on the entire surface of the globule, we see more or
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PI. I, fig. 6, 8, 10, 18. 19.
PI. 1, fig. 2, 4, 10, 11, 13–17, 20.
6
Fig. .5: Echinocardium cordatum (PENN.); fig. 11: Amblypneustes griseus (BLV.); fig. 17: Brissopsis lyrifera (FORB.),
break fig. 20, 23, 25: Spatangus purpureus O.F.M.
7
Fig. 5: Echinocardiuin cordatum (PENN.).
8
Fig. 5: Echinocardiuin cordatum (PENN.).
9
Fig. 20: Spatangus purpureus O.F.M.
10
Fig. 11. 15: Meoma ventricosa (LAMK.).
11
Fig. 10: Brissopsis lyrifera (FORB.).
12
Fig. 15; Meoma ventricosa (LAMK.); fig. 31, 25, 26: Spatangus purpureus O.F.M.
13
Fig. 10: Brissopsis lyrifera (FORB.); fig. 11: Amblypneustes griseus (BLV.).
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less numerous cavities that sometimes are only weak impressions14, sometimes conical holes or
funnels that penetrate toward the center and whose bottom sometimes appear to be the point of
closing15. It is toward the internal ends of these cavities that the pillars coming from the reticular
framework seem to lead. The vitreous substance also has the ability to form grooves on its surface,
points, protuberances and other irregularities that are always more developed at the top of the
sphaeridia and whose effect, like that of holes, is to increase the surface in contact with the
surrounding water16.
A character that the sphaeridia have in common with the most developed spines, like those of
echinids, of being composed in their hard part of two distinct elements, an interior one formed by
a reticular tissue characteristic of the skeleton of the integument of all Echinoderms and an external
stratified vitreous one. Except, in the spines, the latter appears to be in less quantity, while in the
sphaeridia, it alone gives the form of the reticular tissue. In the spines, as in the sphaeridia, all is
covered with a layer of pigment cells, an epithelium and a cuticle with cilia. From the histological
point of view, we should thus consider these organs as formed essentially on the same plan, like
modifications of the same type. Both also articulate with mamelons. There exists even a particular
form of spine, called club, that is restricted to the interradial areas of some extinct Cidarids, which
the sphaeridia are in small form. But in all other respects, there are great differences between them.
The sphaeridia are found only in the ambulacra. In all the genera that have them, they are never
missing in adults on the first, or first two, three, four or even first five peristomal plates, although
they vary considerably in their mode of disposition.
In the Spatangids17, most often there are one, two or several united in a small, more or less
deep hole at the base of the tentacles of the buccal area, behind them and opposite the median
suture of the ambulacrum and in general farther from the tentacles than they are from the
peristome, especially the bivium. Very often, there are two on the first two plates, but on each of
those that follow ordinarily only one. Brissus scillae AGASS18, Plagionotus pectoralis (LAMK.)19,
Schizaster fragilis (DUEBEN AND KOREN)20, Moïra atropos (LAMK.)21 are marked by a particular
arrangement. In the three, four, or five plates of the trivium, we see the sphaeridia in groups of
two, three, or even more, placed in more or less elongated holes, oblique or even longitudinal, each
of which, in Brissus and Moria, still keeps its place near the tentacular pore, while in Plagionotus,
it is more and more separated. In its bivium, the separation goes much farther so that the elongated
and narrow hollow, containing numerous sphaeridia placed like a row of pearls, is almost at the
posterior end of the plate. Lovenia finally22, differs from all the other Spatangids in that it has a
single sphaeridium on each plate enclosed in a conical protuberance whose top is perforated by a
transverse slit.
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Fig. 8; Maretia planulata (LAMK.); fig. 19: Echinocidaris nigra (Mol.).
Fig. 3, 7: Echinocardium cordatum (PENN.); fig. 22, 24, 25: Spatangus purpureus O.F.M.
16
Fig. 9: Maretia planulata (LAMK): fig. 12: Loxechiuus albus (MOL.); fig. 18: Echinocidaris nigra (MOL.); fig. 16:
Brissus scillæ AGASS.
17
PI. III, fig. 32; Brissopsis lyrifera (FORB.) very young; fig. 33–36: Echinocardium flavescens (O.F.M.); fig. 39:
Palaeostoma mirabile (GRAY); fig. 38: Echinocardium cordatum (PENN.); fig. 40); Maretia planulata (LAMK.).
18
PI. IV, fig. 43.
19
PI. V, fig. 48, 49, 60.
20
Fig. 42.
21
Fig. 44, 45.
22
PI. VII. fig. 61–64, 66.
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Such a cover, exceptional in Spatangids, is the rule in Cassidulids and Clypeastrids. Cassidulus
caribaerum LAMK. and C. eugeniae n.23 have, in the adult state, on each plate of the first five pairs
of their ambulacra, a sphaeridium which, placed exposed in a small hole in very young individuals,
has been covered little by little by a kind of overgrowth of the superficial layer of the test until
there remains only a narrow slit for an opening that ends in this case by completely closing it.
The Clypeastrids have two types. Echinarachnius24, Dendraster, Scaphechinus, Lobophora,
Mellita25, Enclope26, Rotula27, Laganum28, and Echinocyamus have in each ambulacrum only one
sphaeridium common to the two peristomal plates and hidden more or less completely, even in the
youngest individuals, in a crypt formed in the test. Near the edge of the peristome, in the middle
of each ambulacrum and above the two pores of the large buccal tentacles, is a more or less
protruding part, behind which is a small, slightly swollen eminence that is more or less apparent.
In very young individuals, we see the sphaeridia forming there by transparency29. In piercing the
test of adults, it is found with its pedicel attached on the side of the peristome to the inner surface
of a rounded cavity30 that communicates to the exterior only by a very narrow channel. In
Echinarachnius parma this appears to be divided in two by a very thin vertical membrane coming
from the edges of the plates joined in the suture. In Rotula, this cavity has a larger opening but in
large part covered by large spines projecting from its edge31.
Clypeaster and Arachnoides differ from the other genera of this group in that they have two
sphaeridia in each ambulacrum, i.e., one on each of the two peristomal plates32. We do not see a
projecting median part above the pores of the two large tentacles, located flush with the test in
Clypeastrids, or at the beginning of a surface slightly inclined toward the buccal membrane in
Arachnoides. Nothing indicates the presence of sphaeridia. We hardly think we see in Clypeastrids,
that at a distance from the tentacular pore, nearly twice the distance from it to the edge of the
peristome, large mamelons leaving between them a slightly larger gap than elsewhere but not
different in arrangement from the small mamelons and pores33. In piercing the external layer of
the test at this point, in each of the two plates, we enter into a small cavity containing a sphaeridum
arranged as in the other Clypeastrids. In the wide groove in the middle of each ambulacrum in
Arachnoides34, nothing indicates the position of the sphaeridia, but guided by this observation in
Clypeasters, we find them hidden in the same manner in the thickness of the test.
Echinoneus has, near the tentacular pores, on the first and second plate, an isolated sphaeroid
globule that is uncovered in a slight depression35. In this character, as in others, it has a certain
resemblance to the Echinids.
23
24

PI. VII. fig. 61–64, 66.
PL VIII, fig. 72.

25

Fig. 69.
Fig. 68.
27
Fig. 73.
26

28

Fig. 70, 71.
Fig.69.
30
Fig. 68, 71, 72.
31
Fig. 73.
32
Pig. 74, 75, 76, 77, 78.
33
Fig. 74, 75, 76.
34
Fig. 77, 78.
35
PI. IX, fig. 79, 80.
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In most of them, the sphaeridia are numerous and arranged alternately in the two rows of plates
of the ambulacrum. Echinus Flemingi FORB., E. esculentus L., Toxopneustes droebachensis
(O.F.M.)36, Loxechinus albus (MOL.), Tripneustes ventricosus Ag., Echinometra vanbrunti AL.
AG.37, Amblyneustes griseus (BLV.) have their sphaeridia, mostly ellipsoidal, arranged near the
suture in a way that their longitudinal axis is directed above and nearly parallel to the surface of
the test. In Temnopleurus (O.F.M.)38, Salmacis and Mespilia, their form is spheroidal, and they
are placed at the entrance of deep holes located in the corners of the plates. In all these Echinids,
the series of spheroids is separated on both sides from those of the tentacular pores by the rows of
large mamelons. In the Diademids, on the contrary, and to judge according to what we see in
Astropyga venusta VERRILL39, the sphaeridia are located near the tentacular pores, and the row of
mamelons separate them from the suture. Echinocidaris, whose characters are so far from the other
Echinids40, differs also by its sphaeridia, because in each ambulacrum, it has only one dug into a
round niche in the suture, very near the edge of the peristome41.
The size of the sphaeridia is not directly related to that of the animal, those of small species
being always relatively larger. Thus, the sphaeridia taken from:
an Echinus esculentus (L.)
of
140 mm. has an average 0.24 mm in height, 0.125 mm. in width
“ Echinus Flemingi (FORB.)
“
105 “
“ “ “
0.2 4 " “ “ 0.18 “
“ “
" Tripneustes ventricosus (LAMK.)
“
110 "
“ “
“
0.19 " “ “ 0.147 "
" “
“ Loxechinus albus (MOL.)
“
87 "
“ “
“
0.32 " “
“ 0.15 "
“ “
“ Tripneustes sardicus (LESKE)
“
60 “
“ “
“
0.18 “ “ “
0.16 "
“ “
“ Echinocidaris nigra (MOL.)
“
50 "
“ “
“
0.21 “ “
“
0.329 “ “
“
“ Salmacis bicolor (AG.)
“
32 "
“ “
“
0.11 “ “ “
0 433 “
“
“
“ Temnopleurus toreumaticus (LESKË) “
15 “
“ “
“ 0.1 “ “ “
0.125 “
“
“
“ Amblypneustes griseus (BLV.)
“
14 “
“ “
“
0.13 “ “ “
0.08 “
“
“

We see that the sphaeridia of an Echinus esculentus L. of large size and having a diameter ten
times greater than that of an Amblyneustes is only twice that of the latter. Likewise, an
Echinocyamus pusillus (O.F.M.) of 11 mm has sphaeridia of 0.09 mm in height and 0.11 mm in
width, while in a Clypeaster rosaceus (L.) twelve times larger, or 135 mm, they are only
approximately double, namely, 0.17 mm in height and 0.11 mm in width. Likewise again, the
larges Spatangid, Meoma ventricose (LAMK.), which is more than 160 mm in length, has sphaeridia
of 0.26 mm and 0.22 mm in the same dimensions, while in an individual Echinocardium flavescens
(O.F.M.) of only 28 mm, they measure 0.15 mm in height and 0.16 in width. In addition, they vary
slightly in the same individual.
These organs are so small that their appearance and growth does not permit considering them
as organs reduced to a rudimentary state, whose conformation is so simple they cannot be
considered as adapted for grasping and that are so well protected from injuries either at the base
of powerful tentacles or in the midst of spines — Brissopsis lyrifera has been seen lowering its
nearest spines above its sphaeridia — either in pits in the very thickness of the test, that they can
only be organs of sensation. It is in the epithelia and in the underlying layer covering the vitreous
36

PI. X, fig. 84, 85.
Fig. 86, 87.
38
Fig. 88.
39
Fig. 89, 90.
40
Voyez CH. DESMOULINS, sur les épines des Echinocidarites, Actes de la Soc. Linn. de Bordeaux, v. XXVII, 2e
issue.
41
PI. X, fig. 91, 92.
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substance of the sphaeridium that we find the terminal nerve elements proper to its special function.
Each of the five large nerve trunks that come from the corners of the collar and that cross the
internal surface of the ambulacra along their median suture42, furnishing to each plate one or two
nerves that are directed toward the corresponding tentacular pore. Together with the water vessel
of the tentacle and of the sphaeridium, they sink into it to reappear on the external surface of the
calcareous layer of the test. On this path, it must furnish nerves to the tentacle and sphaeridium
although we are not able to document their existence. But as we can see in Brissopsis lyrifera and
most distinctly in the third plate of the bivium bordering the sternum and more lacking in spines
than the others, the nerve, in leaving the tentacular pore on the external surface of the test, branches
into a large number of nerves that, after crossing the plate diagonally43, is distributed to the
interradial areas in forming a dense network rich in ganglionic cells44. We think that all the
branches of the nerve trunk, dividing in this way, will spread on the surface of the body an
extremely developed peripheral nervous system furnishing nerves to the spines, pedicellaria,
clavules of the fascioles and in general all the external parts. The figure gives a representation of
a very small part at a great magnification.
If, after these first studies on the organization remained unrecognized because of the
difficulties they present to observation, we ask what special function should be attributed to the
sphaeridia. We experience all the uncertainty that is presented when it is matter of giving a clear
idea of sensations in beings so far from us in the animal chain and living under conditions of
existence so different from those of higher animals. Guided by histological analogies and in some
cases by nearly conclusive experiments, we come to recognize, in most of the large groups of
animals without vertebrae, organs destined for the perception of sound. Echinoderms are presently
nearly the only one in which we still await the well-established discovery. A long time ago,
JOHANNES MÜLLER45 was the first to observe in very young Holothurians or at the point of leaving
the larval state, five pairs of vesicles placed around their bony ring and containing trembling
corpuscles in the manner of otoliths. BAUER46, in confirming this discovery in Synapta digitata,
demonstrated in adult animals the connection of the vesicles with the five principal nerve cords,
to which he found them attached by very short pedicels. But in this state, they no longer contained
solid bodies, a circumstance that, according to recent observations of CHARLES SEMPER47, makes
doubtful their importance as organs of hearing. However, if the sphaeridia of Echinoidea, whose
position and relations with the nervous system correspond roughly to those assigned to the vesicles
of the Synaptids, this would be the first observation of the state in which they are found in
Clypeastrids, Arachnoides, Encopes48 etc., i.e., contained in cavities of the test, and separated
perhaps from the mamelons by breaking from it. It would not have been surprising that we had
taken them, at first glance, for otoliths of an exceptional size, resting in their otocysts, an error than
a slight examination would have been sufficient to remove. The otolith, when it is of organic origin,
is an amorphic or crystalline concretion, balancing on the auditory hairs or hanging from the
42

PI. II, fig. 28, 29.
Fig. 30.
44
Fig. 31.
45
Ueber die Larven und die Métamorphose der Holothurien und Asterien, p. 10, pl. III, fig. 1–6, d. — Ueber die
Larven uud die Metamorphosen der Echinodermen. Vierte Abhaudlung, p. 9, pl. I, fig. 8, d, pl. IX, fig. 1, 2, d. —
Ueber deu Bau der Echinodermen, p. 16.
46
Beiträge zur Naturgeschichte der Synapta digitata: Erste Abhandlung, p. 46, pl. I, fig. 5, m, pl. II fig. 6, c, pl. IV,
fig. 16, f. Acta Academiæ Naturæ Curiosorum, XXXI.
47
Reisen in den Philippinen, I, Holothurien, p. 153, pL. XXXIX. fig. 1. c'.
48
PI. VIII, fig. 68, 72, 75, 76, 77.
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terminal elements of the sensitive nerve. The sphaeridium, on the contrary, is composed of the
same tissues as the spines and the test, is attached to it by a mobile articulation that permits it to
be inclined to one side to other and to be turned a little around its axis, apparently at the will of the
animal. We can no longer compare the sphaeridia to auditory hairs themselves, nor to different
organs interpreted as olfactory.
The sense of touch has for special organs the tentacles. It is in the Spatangids that the organs
are most developed and most diversified. Figure 1 gives the aspect of a Brissopsis lyrifera (FORB.)
in the living state, resting on the bottom of a vessel of glass. It extends upward some intra-fasciolar
tentacles from its unpaired ambulacrum, ending in a circular disk. With the edge regularly divided
into fifteen rounded lobes, each of which corresponds to one of the fifteen calcareous blades with
reticulated tissue, arranged in rays around its center. In the interstices of these blades are lodged
as many opaque bodies, that have all the appearance of glands whose secretion, perhaps viscous,
could help aid prehension. The gills of the paired petals are hidden by the spines, like the single
and very small tentacles of the bivium, while those of the trivium are very elongated. Below, the
buccal and infra-anal tentacles are extended in part. They are crowned with a brush of cirri with
very slender interior rods whose swollen and rounded end is very rich in multipolar ganglionic
cells and armed with stiff non-vibrating ciliary tips. It is with these sensitive organs that Brissopsis
probes the ground at the bottom of the sea, buried up to the top in the mud, that it searches and
swallows without ceasing.
The function of the general sensitivity belongs to the entire covering of the body. The spines,
distributed all over the exterior of the body, are extensions of it, that serve only secondarily as
passive means of defense and partially of support, although nearly becoming, on the sternum of
some Spatangoids, important organs of locomotion. They seem destined principally to increase the
extent of integumentary tissues, crossed on all sides by nerves and in contact with the surrounding
water. Also, we see them nearly everywhere, except for the large spines of Cidarids, free of foreign
bodies, of parasite and commensals with the exception of some tolerated species.
The sphaeridia, while having a conformation very similar to that of spines, cannot be
considered as organs of touch. Their smallness as well as their more or less concealed position
opposes it. Placed in the open in the Echinoids, whose large spines surround them, and in most
Spatangids, whose more or less concave peristomal area protects them, we see them in Lovenia,
with the united peristomal area and the Cassidulids and Clypeastrids with short spines, weak
tentacles and with a more or less flat ventral surface or exposed by injuries, hidden under the
external layer of the test and even placed in the bottom of cavities where nothing can penetrate
except a minimal current passing through a very narrow canal. Arranged as they are in a constant
manner near the mouth and most often at the base of the large buccal tentacles, we are led to
suggest their function is to make known the nature of the substances in solution in the surrounding
water and to serve in this way to lead the animal in search of its food. They deserve, along with
other points of the organization of Echinoids, to be studied in a thorough way.
The sphaeridia appear a little later than the spines and the pedicellaria. In very young
Spatangids49, we see them first only on the first ambulacral peristomal plates, then another on the
second plate, etc., all following the order that governs the disposition of the plates of the ambulacra
in all the Echinoidea, and that can be expressed by a formula common to all. We are going to see
now what this order is.

49

Pl. III, fig. 32: Brissopsis lyrifera (FORB.); Pag. 33, 34, 35; Echinocardium flavescens (O. F. M.).

II.
SKELETON OF THE INTEGUMENT.
A. AMBULACRA
Determination of the antero-posterior axis of the test, Asymmetry of the ambulacra in relation to this axis. Mode
of growth and ordered movement of their elements. Order of appearance of the sphaeridia.

1. Edentate Echinoidea
The more or less oval form, the eccentric position of the mouth and the anal opening located
without exception in the unpaired interradius are the facts determining at first glance the anteroposterior axis of the body in the Collyritids, Ananchytids, Spatangids, Cassidulids and
Echinoenids. The madreporite does not indicate it in these animals as in the Echinids and Cidarids.
Throughout the class, this riddled organ, one of the first formed in the Echinoid, barely outlined in
the interior of the pluteus and the means by which the water system is found to be in regulated
communication with the ambient water, always remains in a more or less extended space of the
parts of the apical system that it never leaves like the genital pores. Normally, this system is
composed of the central disk, the five pieces surrounding it and that have been named genital
pieces, and in the re-entrant corners of these, the five pieces called ocular. The central disk and the
“genital” pieces are occupied in different ways by the madreporite. The ocular pieces are always
free of it. In the Echinids and the Cidarids, whose central disk is more or less completely
transformed into a circumanal membrane, it is except for some very rare exceptions, the right
anterior “genital” piece that alone is penetrated and that so regularly that in the extinct species as
much as in those of present seas, this piece becomes a true point of reference for the orientation of
the test. It is completely different in the edentate Echinoidea. In this group, the madreporite has its
normal location in the central disk whose form and position it modifies and outside of which it
extends, with some order, to one or several genital pieces. But it is most particularly in the
Spatangids that the apical system has, in the arrangement of its different parts, very great
variations, strongly contrasting with its fixity in Echinids and Cidarids and dependent on the
disposition and more or less extension of the madreporite.
The genital pieces, normally five in number, are four in the Spatangids. It is the posterior one
that is missing, i.e., that which should be found at the top of the unpaired posterior interradial area.
It has not been developed, no more than the corresponding reproductive organ whose outlet duct
should have taken its exit across this piece as is done in the four genital pieces that remain intact,
those of the other reproductive organs. Now, in all known Spatangids of the present period, with
the exception of a single genus, the gap thus left free between the two lateral genital pairs, is filled
by the riddled central disk of the madreporite, carried more or less behind and extended over a

space often considerable, but always contiguous to the posterior plates of the unpaired interradial
area and separating between them both the ocular pieces of the bivium and the lateral genital
pieces50. No suture marks a boundary between the anterior right genital piece and the disk having
the madreporite. When this is extended more, it is the same piece that is occupied first, in some
species to a lesser degree, as in Brissopsis lyrifera (FORB.) or Meoma ventricosa (LAMK.), in others
to a greater degree, in still others, as Schizaster fragilis (DÜB. and KOR.), so completely that the
genital pore is necessarily missing and with it the reproductive organ of the right anterior
interradial area. When the riddled organ is enlarged still more, it is the left anterior genital piece,
although limited on the side of the central disk by a suture, that is invaded in a way that its genital
pore and reproductive organ even disappear. There remain in all only the two genital pores, those
of the lateral gonadal pieces, as in Abatus philippii n., Paeolostoma mirabile (GRAY) and
Palaeotropus josephinae n. This arrangement, by means of which the madreporite, elongated
backwards, separates the two lateral genital pieces and ocular pieces from the bivium. It begins to
be apparent in Prenaster, Macropneustes, that make their first appearance in the latter stage of the
Cretaceous, but that have reached their entire development during the Eocene period. It becomes
predominate in the genera characteristic of this latter period, for the most part still living. It is, with
a single exception, the rule in those known in current seas. The generic types, on the contrary, that
belong particularly to the Cretaceous or Jurassic formation and that attain a higher degree of
development like the genera Collyrites, Ananchytes, Holaster, Hemipneustes, Cardiaster,
Toxaster, Epiaster, Micraster, and Hemiaster always have without exception another arrangement
of the apical pieces and the madreporite in that they never reach the posterior interradius, being
separated by the ocular pieces of the bivium that, contiguous to the two sides, touch each other as
do, in most cases, the lateral genital pieces and even the later ocular pieces51. Among the
Spatangids of the present seas known until know, only one has the old character. It is a species of
the genus Hemiaster DESOR, up until now considered extinct during the Miocene period and that
appears to have had its maximum development in the Cretaceous period, but that was found living
by SMITT and LJUGMAN, naturalists of the Swiss corvette Josephine in 186952. This is
Hemiaster expergitus n.
Test short and rounded, 14 mm in length, 13 mm in width and 10 mm in height; the posterior part. Periproct
placed very high. Single peripetalous fasciole very wide, forming an oval circuit. Petals short and wide; those of the
bivium half as short as those of the trivium. Ambulacra very strongly narrowed in passing under the fasciole. Test
fragle and very thin. — Young individual whose four genital pores are scarcely indicated on the interior surface of
the pieces that will be pierced later by the ducts of the reproductive organs, and whose madreporite pores are still few,
but whose peristome has taken its kidney shape, with an already prominent lip.
Dredged in the Atlantic at 38º. 7’ north lat., 9º 18’ long. West, at a depth of 970 meters; muddy bottom.

By its characters, although by no means by its general appearance, we would perhaps believe
to have before us a species of the genus Abatus TROSCHEL. But what separates this Spatangid
completely and determines its place in the genus Hemiaster is the conformation of its apical
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PI. XI, fig. 99: Abatus Philippii u.; PI. XII, fig. 100, 101: Brissopsis lyrifera (FORBES); fig. 102: Schizaster fragilis
(DÜBEN and KOREN); fîg. 103, 104: Palaeostoma mirabile (GRAY); fig. 10.5: Palaeotropus josephinae n.; fig. 106:
Meoma ventricosa (LAMK.).
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PI. XI, fig. 9.5: Micraster coranguinum LAMK.; fig. 96: Holaster suborbicularis DEFR.; fig. 97: Ananchytes sulcata
GANCIENTF.; fig. 98: Collyrites elliptica (LAMK.).
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system53. The central disk with the madreporite and the right anterior genital piece, fused together
into a single piece, already larger than the others, are moved forward and separated from the
unpaired interradial area both by the ocular pieces of the bivium and by the lateral genital pieces.
There is thus in the structure of the apical system of Spatangids, two types, one old, of which
this Hemiaster appears to be the sole known living example, the other recent that begins to be
important during the Tertiary period and that dominates today. In both, however, whatever the
form, the size and position of the central disk, the anterior right genital pieces are never separated
by a suture as are the other genital pieces. It is the same in all the forms called irregulars, the
Clypeastrids excepted. It is by following this constant combination that the anterior right genital
piece indicates, immediately, the anterio-posterior axis of the test.
If we place a Spatangid, of whatever species, very young or adult, the mouth above and the
unpaired interradial area posteriorly and, going around the peristome, we count the ten peristomal
plates of the ambulacra, beginning left of the bivium, from left to right (i.e., with the right side of
the animal to the left). If, at the same time, in each of the ambulacra I, II, III, IV and V, we designate
the first plate encountered by a, the second by b etc., we will find that the plates I a, II a, III b, IV
a and V b are larger and with two pores, i.e., two tentacles, while I b, II b, III a, IV b and V a are
smaller and have a single pore, a single tentacle. Likewise, when we examine in Brissopsis lyrifera
(FORBES) the distribution of the nerves and the water vessels 54 we see that the bipore peristomal
plates I a, II a, III b, IV a, V b receive in each of their pores a branch of the large nerve trunk and
a water vessel. Admitting, as we have every right to do, that originally each ambulacral plate had
a single tentacle and a single pore, the plates of the first series, I a, II a, III b, IV a, V b, although
no suture can be distinguished, are consequently compound, binary, while those of the second, I
b, II b, III a, IV b, V a are single, primary as are all the other plates of the ambulacrum. In
examining the series of figures given55. We feel convinced that this asymmetrical arrangement of
the peristomal plates of the ambulacra is maintained everywhere with a perfect regularity56.
While, in Echinoidea with teeth, the peristome, closely combined as it is with the masticatory
apparatus, retains in all ages its original sub-circular or sub-decagonal form, it is entirely otherwise
in the edentate Echinoidea. In the groups of Spatangids and Cassidulids, it is easy to confirm by
direct observation that it changes considerably in form during growth, and further research will
probably show that it is the same in the Echinoneids. A very young Spatangid57, with a length of
only a few millimeters, notably more rounded than the adult of the same species, and having the
mouth a little nearer the center, has the pentagonal peristome of so great regularity that it is
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PI. TI, fig. 28.
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PI. III, fig. 32: Brissopsis lyifera (FORB.) very young: fig. 33, 34, 35): Echinocardium flavescens 0. F. M., Very
young, less young, scarcely adult; fig. 39: Palaestoma mirabile (GRAY); pl. IV, fig. 41: Faorina chinensis GRAY:
fig. 42: Moira atropos (LAMK.); fig. 43: Brissus scillae AGASS.; pl. V, fig. 46, 47: Hemiaster expergitus n. very
young and scarcely adult; fig. 48: Plagionotus pectoralis (LAMK.); fig. 51,: Ananchytes sulcata GANCIENTF; fig. .54:
Holaster suborbicularis DEFR; pl. VI, fig. 5.5: Collyrites elliptica (LAMK.); fig. 58, 59. C. acuta: Des.; fig. 60: C.
dorsalis AGASS., and the following plates XXIII—XLIII.
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with this work present important details on the Collyritids, Ananchytids and Échinoconeids. Allow me here to
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would remain incomplete in more than one respect.
57
PI. III, fig. 32: Brissopsis lyrifera (FORB.); fig. 33: Echinocardium flavescens (O. F. M.); Pl. V, fig. 46, Hemiaster
expergitus n.
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permitted to suppose that a still younger age it would be perfectly equilateral. Its uniformly sunken
sides are all in the same plane. To this form of the peristome corresponds also as their relative size,
the parts that have the ambulacra and the interradial areas. The first only enters it for a small part
by embracing the corners of the pentagon, while the latter, although wider and nearly all the same
width, form the largest part of its sides. The mouth is found still nearer than the center of the buccal
membrane. But considerable changes are soon introduced58. The ambulacral plates widen,
especially those of the trivium, while as especially the case in the posterior pair, the plates
belonging to the paired interradial areas do not increase in width in the same proportion and that
the labrum, i.e., the peristomal plate of the unpaired inter radial area, extends in width in advancing
its protruding free border and its arches. At the same time, the mouth, successively elongated,
narrows little by little in a way that most of the buccal membrane, covered with calcareous pieces,
is found placed in front and finally the first is hidden by the prominent lip. The individual having
attained the adult age, the peristomal ambulacral plates of the trivium become wider than those of
the interradial areas, and in some cases, this growth of the ambulacra is at the expense of the latter
is such that, in Faorina chinensis GRAY59, Moira atropos (LAMK.)60, and Micraster cor anguinum
AGASSIZ61, the interradial areas of pairs 1 and 4 are completely excluded from the peristome and
in Breynia australasie GRAY62, it is the same in all four interradial areas, 1 and 4, 2 and 3. These
are especially the paired ambulacra of the trivium, II and IV, whose peristomal plates, longer than
wide and nearly wedge-shaped in the young are found in the adults nearly as wide as long and so
depressed that, while in small individuals of Brissopsis lyrifera (FORB.)63 of 4.0 mm in length, the
anterior edge of the peristomal interrdial plates 1 and 4 correspond to nearly two first plates of
ambulacra II and IV, it fills three in adults64. A movement occurs that thus produces here in the
element of the paired ambulacra in the direction of the peristome. It is scarcely less great in the
unpaired ambulacrum. In the bivium, it is otherwise. There, the two plates of the peristome are
compressed, but the following plates still preserve their elongated form in the adults. A very special
fact is connected with it.
Most of the living genera of the Spatangids are the Prymnodesmians65, i.e, they have an infraanal fasciole forming below the periproct an oval ring, inside which, as first observed by JOHANNES
MÜLLER in Brissopsis lyrifera (FORB.), are long tentacles with cirri, whose pores are also in the
enclosure. The fact is that, in all genera with an infra-anal fasciole66, in the two internal rows of
the bivium, the sixth plate and the following: two in Palaeotropus67, Spatangus68, and Meoma69,
which has only one imperfect fasciole; three in Maretia70, Echinocardium71, Lovenia72,
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Brissopsis73 Eupatagus; four in Micraster, Brissus74, Kleinia75, Plagionotus76 and Xanthobrissus
and up to six in Breynia77 have a form different from the others, being extended toward the median
line of the test and forming together an elongated wedge. In the seventh plate and the following,
the tentacular pore is also transposed in a way to be inside the fasciole. It is still the rule, among
all the genera, that the first six plates of the interior rows of the bivium correspond to the exterior
edges from the sternum to the episternum, i.e., to the three ventral parts of the unpaired interradius
and that the pair of plates composing the episternum form, from the two sides, with the nearest of
the ventral plates, a corner, the episternal corner, that envelops this corner of elongated plates and
that is more of less deep, more or less open in the different genera. A Brissopsis lyrifera (FORB.)
4.6 mm in length78, has in these relations the same proportions as adult individuals79. In both, the
fifth plate is the one that corresponds to the little marked corner between the sternum and the
episternum. The sixth up to the ninth inclusively are embraced by the episternal corner. From this
it obviously follows that, in this part of the bivium, there was not, during growth, transposition of
these plates in the direction of the peristome. We also see here that the ambulacral plates, with the
exception of those of the peristome, elongate with age.
In the genera lacking the infra-anal fasciole, Prymnadetids80, like Hemiaster81, Faorina82,
Desoria83, Abatus84, Agassizia85, Schizaster86, the plates corresponding to the episternal corner, —
scarcely perceptible and varying sometimes with the side, — are only weakly or nearly not at all
elongated in the direction of the median line of the test. They have nearly the same form as the
preceding and the number of plates of the bivium that fill the same length as the three ventral parts
of the unpaired interradius, taken together, are variable. In Schizaster fragilis (D. and K.), they are
seven in number, in Faorina chinensis GRAY, six, in Abatus Philippi n., seven and half on the left
side and six and a half on the right side, in Desoria australis GRAY, eight and a half, in Agassizia
scrobiculata, six and a half. This irregularity is still more in Palaeostoma mirabile (GRAY)87, at
least in young individuals. In all this group of Spatangid Prymnadetids, the arrangement of the
plates is less rigorous and less symmetrical than in the Prymnodesmians. These dominate among
the Spatangids of present seas, and it appears that there exists only one genus, that of Micraster88,
among the Spatangids of the Cretaceous period, of which the other genera lacked fascioles, Adetids
or Prymnadetids, or having only peripetalous or compound and having at the same time a less
regular order of plates. This irregularity is seen not only in the ambulacra but also and just as much
in the interradial areas as will appear in the examination that we make of this part of the skeleton.
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Most of the Spatangids of present seas have this particularity of having the four ambulacral
pairs nearly standard and developed in the upper parts, in petals formed for the brachial tentacles
of the strongly depressed and widened new plates successively added to the ambulacrum. Their
unpaired ambulacrum, on the contrary, similar to others in the peristomal part, differs from the rest
in its extension, always being narrower and having its frontal and dorsal plates, which in no species
lack pores, little depressed, except in Echinocardium89 where we see an alternation of demi-plates
and entire plates that is not seen elsewhere. This very marked difference between the paired
ambulacra and the unpaired ambulacrum is even considered, correctly, as an essential character of
the Spatangids. There are, however, at least two genera that are exceptions. One is Homolampas
fragilis AL. AGASS.90, dredged at a depth of 650 m between Cuba and Florida. The other91 is again
one of the discoveries made by SMITT and LJUNGMAN during the expedition of the Josephine in
1869. The resemblance at first glance of this Spatangid from above with some forms of Ananchytes
ovata LAMK., made him give it the name of Palaeotropus92. The species will be called
Palaeotropus josephina n.
Test with ovoid contour uniformly swollen above, moderately convex below, and little flattened behind. All five
ambulacra flush with the test, without the least depression in its upper parts, entirely without petals, the five or six last
plates small, nearly as long as wide, forming a single row, single and narrow with alternating pores. The ambulacra
of the trivium II, III and IV corresponding perfectly, lanceolate, moderately wide, ambulacrum III a little narrower
than the others. The internal plates 6, 7, 8 of the bivium very elongated, 7 and 8 with transposed pores. All three in a
rather deep episternal corner. Single infra-anal sub-circular fasciole. Interradial areas 1 and 4, 2 and 3, rather standard.
Short labrum, sternum of moderate size, episternum subtriangular. Posterior periproct, oval, between the first five
ventral plates. Apical system nearly pentagonal, disk central and the genital pieces indistinct. The madreporite
indicated by a small fissure and some small pores near the right genital piece, two tubiform genital pores,
corresponding to the interradial areas 1 and 4. Ocular pieces distinct, oval.
Length of the young individual described: 111. 7 mm; width: 9.1 mm.
Inhabits the sea of the Azores at the height of Villa Frana at a depth of 500 m.

The perfectly developed labrum and sternal system, the fasciole enclosing transposed
ambulacral pores, make this genus a true Spatangid without petals of the present seas, to which the
general conformity of its ambulacra flush with the test gives it an old appearance that we encounter
in more than one Echinoderm or Molluscan inhabiting the great depths of the Ocean.
The asymmetrical arrangement of the peristomal plates of the ambulacra is exactly the same
as in Cassidulids. A very young Cassidulus criboearum (LAMK.)93 compared to a Cassidulus
pacificus AL. AGASS. adult94 shows that the first plates of series I a, II a, III b, IV a, V b are
especially larger and with two tentacular pores, of which one is placed near the external corner of
the plate, while those of series I b, II b, III a, IV b, V a are smaller and have only one pore. In them
also, the peristome undergoes with age considerable changes in form. Cassidulus cariboearum
LAMK., still very young, has a pentagonal peristome with rounded corners whose edge is filled by
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the labrum. It is exactly the inverse in adults because, during growth, the interradial peristomal
plates, especially 2 and 3, swell and give the peristome sides arched toward the inside that
characterizes this group, and between which, in angle of the peristome are enclosed the first wedgeshaped and compressed plates of the ambulacrum. But the buccal opening, elongated transversally
little by little, remains in the middle of its united membrane. This transformation of the peristome
is combined with the compression and displacement of the primary plates. With these considerable
changes between them, which have as a result the disposition that DESOR has designated by the
name of phyllode. It still remains to be found the law behind it by examining the phases of its
progress in individuals of different ages.
The same rule is seen if we place an Echinoneus in the position already designated for the
Spatangids and if we count in the same manner95. The peristomal plate of series I a, II a, III b, IV
a, V b are larger and binary, having two pores, i.e., they consist of two primary plates fused early
into one, while those of series I b, II b, III a, IV b, V a, single and smaller, have only one pore. Of
the two pores of I a . . . V b, the first is marginal and incomplete, often having its upper canal
filled. It is there a character that is very generally encountered in Echinids, with which the
Echinoneids have with other characters a certain resemblance. Thus, all their pores are geminate
and surmounted, from the peristome up to the apex, with cylindrical tentacles with a terminal disk
with a sucker with a circular lamina of reticulated calcareous tissue inside. The five ambulacra are
all similar and have their elements arranged in a standard manner. The plates that compose them,
all primary with the exception of the first binary of series I a . . . V b, unipore and distinct, are of
two kinds. Some, that we shall call entire, extend from the edge contiguous with the interradial
area up to the middle of the ambulacrum, where they meet on the two sides to form, alternating,
the median suture in zig-zag. The others that we can designate as demi-plates are more or less
cuneiform and end in a more or less acute point before reaching the median suture. Now, in
Echinoneans, these two kinds of plates are arranged in a fashion to form alternating triads, each of
which is composed essentially of a demi-plate compressed between two entire plates, of which the
adoral, larger than the aboral, widens considerably towards the suture. But this order, maintained
in the largest part of the ambulacrum, is not the case close to the peristome and toward its opposite
end. In series I a . . . V b, the binary peristomal plate 1 + 2 is followed by a separate plate, single
and entire, and it is only after this that the long row of triads begins, among which, in I a and V b
of the bivium, the first two differ from the following in that their three plates are entire, the median
reaching the suture. In the series I b . . . V a, on the contrary, plate I, single, is immediately followed
by the first triad that, however, in all the ambulacra, has this peculiarity that its median plate only
a little smaller than the other two, remains entire and has not been reduced to a demi-plate. The
regular triads come next in both rows. In each of them, the adoral and the aboral, surrounding the
median demi-plate touch each for a large part of their edges. The adoral, is only slightly larger of
the two in this regard. But towards the middle of the ambulacrum, this character of size is going
to change. The aboral plate become more and more depressed and shortened. It decreases in width;
its interior end withdraws from the median suture and soon it is so reduced that it only weakly
passes the small median demi-plate. This is an arrangement of the ambulacral elements that
announces, although distantly, a movement towards the Echinoids with teeth, in which it is very
developed. On the other hand, rather considerable differences are seen in the peristome, twisted in
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PI. IX, fig. 80: Echinoneus cyclostomus LAMK., seen from the exterior. Fig. 81: peristomal part, V, of another
individual, where we believed to have seen a transverse suture cutting plate b into two. Fig. 82: the same, the
peristome seen by the interior. Fig. 83: Echinoneus semilunaris (GM.), seen from the interior.

the direction of the interradial areas 2 and 4, in the form of the test, elongated in the direction of
the anterio-posterior axis, in the buccal membrane lacking free plates with tentacular pores and in
still other points of primary importance.
Such is the constant asymmetry of the ambulacral peristome of the edentate Echinoids. It is in
the trivium that it is seen. Of the six plates that compose it, the right side has two single and one
binary, and the left side two binary and one single. The bivium remains symmetrical on the two
sides of the unpaired interradial area.

2. Echinoids with teeth.
The existence of a powerful and very complicated masticatory apparatus with five pieces of
support, called auricles, whose enlarged bases are fixed by fusion to the internal surface of the
peristomal plates of the test, either ambulacral or interradial; the always central position of the
mouth; the invariably sub-circular or sub-decagonal form of the peristome, remaining the same in
all ages and provided with regular notches for the reception of the gills; the equal development of
all the ambulacra; the arrangement of the mamelons of the test in more or less distinct series: —
such are the essential characters of the Echinids that, found in the Echinoconids96, bring them
closer to the first in the great division of the Echinoidea with teeth. On the other hand, the character
taken from the place occupied by the anal opening, so variable in all the class. in all the points of
the unpaired interradial area 5 from near the peristome up to the apical system cannot serve to
exclude others as the base of a first division. Consequently, the grouping of the Echinoidea into
irregulars and regulars, into exocyclics and endocyclics should not be considered as indicating the
true relation of conformation, useful as it certainly is, on the other hand, when it is a matter of
using certain accessory traits of resemblance.
Thus, the analysis of the ambulacra of a Holectypus97 and a Discoidea98 shows how these
genera still have relations with Echinoneus. In the series 1 a . . . V b, the peristomal plate, which
is single, is followed by a separate plate, entire, after which begin the triads. In the first these, in
the bivium and in one or the other of the ambulacra of the trivium, the median plate is still entire
and not a demi-plate. In the series 1 b . . . V a, the peristomal plate is followed immediately by the
first triad, which differs everywhere in the same way. In the genus Echinoconus, the same thing
occurs with the exception that the peristomal from 1 a . . . 5 b is bipore and binary as in Echinoneus.
Moreover, while in these, as in Holectypus and Discoidea, the pores remain more of less near the
external edges of their plates, in a way to form a single row. In Echinoconus, they are arranged in
arcs, each of which belongs to a triad. This is a character that is found very developed in Echinids.
It is very evident in the lower part of the ambulacra of Echinoconus conicus Breyn, whose state of
preservation rarely permits tracing the plates. We count the pores there from bottom to top in series
1 a . . . V b, by 1, 2, 3, 3, 3, etc., and in series I b . . . V a, by 0, 2, 2, 3, 3, etc.
Now, it is in the Echinids that these displacements of the pores are carried to the highest
degree. It is with them that we must study the causes and its progress.
The Echinids and the Cidarids have the anal opening placed opposite the mouth in the space
between the bases of the genital and ocular plates. The corona, which is in no way affected, is
developed in a uniform way in its ambulacra and its interradial areas. The radial and apparently
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regular form is affected from the beginning by the water system, of which the riddled part, the
madreporite, pierces one of the plates called genital. Guided by the analogy with Cretaceous
Spatangids, we are led to consider here also this plate containing the madreporite, as the anterior
right and, consequently, regard as the ideal anterio-posterior axis of the body that which passes by
unpaired ambulacrum thus indicated. This is without doubt the only true orientation of an Echinid
or a Cidarid. It finds its confirmation in the fact that it is uniquely by such a determination of the
right and left side, that the same formula that exists for the ambulacral plates of the peristome in
the Echinoids with teeth appears identical in all Echinoidea with teeth. To be convinced of this, it
is necessary to study very young individuals in which we can still distinguish primary plates.
If we place a young Toxopneustes drobachensis, of 3 to 6 millimeters in diameter, mouth above
and the unpaired ambulacrum thus defined in front, and if we examine the peristomal plates in the
order observed in the edentate Echinoidea, we recognize99 not only that all the peristomal plates
are compound plates, — we can perhaps call them major plates, — but also that I a, II a, III b, IV
a, V b are all ternaire, i.e., that each consists of three primary plates that we can still distinguish,
while I b, II b, III a, IV b, V a are binary, formed of two primary plates. Thus, here again, the
peristomal plates of the series I a . . . V b are larger than those of series I b . . . V a and have the
corresponding pore number. In the two series, the first primary plate has two pores, one complete
geminate pore and a second that is only a notch in the edge itself. We can even suppose that this
primary plate arises from a union of two plates, separated at one time long before. That which had
been formed first having had, as all the others, a perfectly geminate pore that approached the edge
during growth, would have been reduced, its upper canal having been closed and the lower canal
cut, that which would have changed into a single more or less deep notch100.
The primary ambulacral plates of Echinids are also either entire plates, i.e., they fill all the
distance between the interradial area and the median suture of the amabulacrum, or demi-plates,
i.e., they extend from the interradial area up to the middle of the entire plates, where they end in a
more or less acute point. The compound plates (majors) of the peristome forming the series I a . .
. V b, consist most often, in very young individuals, in a first entire primary plate, a median plate,
demi-plate and a third entire primary plate101. Sometimes, however, all three plates are entire. In
series I b . . . V a, the two primary plates are always entire.
The same order that rules in the ambulacra on the side of the peristome is reproduced again at
its upper end. The corona of a young Toxopneustes droebachensis, fig. 140, of a diameter of 4 mm
and a stoma of 2.4 millimeters, shows the relations presented in the attached table, which
designates for each compound plate the number of its primary plates, whose demi-plates are placed
in parentheses.
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Compound plate

Series
1 a..Vb.

Series
1b.Va.

2.
1.(2.)3
“
“
“
“

3.
1.(2.3.)4.
“
“
1.(2.)3
1.(2.3.)4.

4.
1.(2.3.4.)5
1.(2.3.)4.
1.(2.3.)4
1.(2.3.)4
1.(2.3.4.)5

5.
1.(2.3.4.)5
“
“
“
“

6.
1.2
1.2.3.4.
1.2.3.4.
1.2.3.4.
1.2.

7.

Ia
IIa
IIb
IVa
Vb

1.
1.(2.)3.
“
“
“
“

Ib
IIb
IIIa
IVb
Va

1.2.
“
“
“

1.(2.)3
“
“
“

1.(2.)3
“
“
“

1.(2.3.)4
“
“
“

1.(2.3.4.)5
“
“
“

1.(2.3.4.)5
“
“
“

0
1.
1.2.
1.

We observe that the number of primary plates of each compound plate increases from the
peristome to the apex. In the rows of series I a . . . V b, this progression is not quite regular, having
some inequalities in the compound plates 3 and 4, which could be an individual case. But the rows
of the bivium, 1 a and V b, correspond perfectly, even in regard of their last plate, in which the
trivium also forms a group of uniformly developed plates. In the series 1 b . . . V a, on the contrary,
the increase is always the same. In some individuals, the major compound plate 3, a l.(2.3.)4. and
plate 4, 1.(2.3.4.)5. See fig. 141.
In each ambulacral row, the compound peristomal plate 1 is the first formed. Each farther plate
is also more recent. The most recent of all is that which is found contiguous with the ocular piece.
The most recent does not have the same number in the rows of the two series (fig. 140). In those
of the series 1 a . . . V b, it is the sixth, in those of the series 1 b . . . V a, the seventh, with except
perhaps individual I b, so that this series, whose compound peristomal plate has one primary plate
less than of the series 1 a . . . V b, having at its growing end one or several more, the compound
plate 6, being not only completed, but even compound plate 7 sketched out.
Each compound plate is formed in the following manner (see figures 140–142. 145. 146). Near
the aboral edge of a compound plate is the first primary plate of the new plate, near it the second,
etc. All the primary plates, the demi-plates also, are originally entire plates, i.e., they extend from
the interradial area up to median suture of the ambulacrum. Later, while the entire ensemble of
primary plates that constitute the compound plate is enlarging, and even before it is completed by
the last primary plate, the intermediary plates stop their growth and, while keeping their positions
on the edge of the ambulacrum of the side of the interradial area, they narrow at their ends and
move away from the median suture. The become wedge-shaped. Of these intermediary plates, the
smallest is always that which was formed first. Those that are formed later, remain successively
larger, which results in the entire group of intermediary primary plates take the form of a triangular
figure, whose tip in the middle of the compound plate consists only of the prominent end of the
latter. It clearly results from all this that these intermediary plates do not have an origin more recent
than the others, neither secondary not intercalated, but that they are formed successively following
the first entire plate and before the last. But these increase in a greater proportion so that they soon
touch at the place where the intermediary plate ends and that they fill the greater part of the surface
of the compound plate than its entire edge near the median suture.
The most recently formed compound plates are visibly longer than wide in the direction of the
apex toward the peristome. But gradually, as each compound plate grows, while separating from
the apex, it widens more and more proportionally to its length. The greatest periphery of the corona

is always located in a manner that half of the number of plates, and a little more, belong to the
adoral part, i.e., that it is between it and the peristome, while the distance from the periphery to the
peristome is always smaller than at the apical system As a result, in the course of growth, there is
a compression from top to bottom, becoming stronger as the plates are older and tending, along
with the movement that has simultaneously occurred in the elements of each compound plate
separately, to modify in a regular manner the form of the plates and also change the arrangement
of the pores. In the youngest individual examined, all the tentacular pores (with the exception of
the very first, marginal, and reduced to a simple notch) are placed near the suture toward the
interradial area, and those that belong to one and the same compound plate, form between them an
arc with a slight convex bending toward the exterior (se fig. 141.). These are the arcs with
primordial pores. Now, the tentacular pores soon begin to change place to form other arcs,
secondary arcs, that must remain the same during the entire life of the animal and that are so
characteristic that we have even taken them as characters of the genera102. That which determines
the result of this transposition is that the pores of the entire primary plates have, because of the
extent of the plate, a larger movement than those of the demi-plates. Each pore belonging to an
entire primary plate moves little by little from the edge and approaches the center. In each
compound plate, this displacement is greater on the first primary plate, the adoral, where it
combines at the same time with an attraction from below. The same displacement, although less
obvious, takes place on the last primary plate, the aboral. For the intermediary demi-plates, the
movement of the pore does not exist or is not visible in the first. But in the following, it increases
and becomes more and more evident. Thus, if a plate is composed, as is, e.g., plate 4, fig. 142 and
145, one entire adoral primary plate, 1, three intermediary plates, 2, 3, 4, and a fifth entire aboral
plate, 5, the first pore is going to be transported nearly to the middle of the lower edge of the plate.
The second keeps its original position, the third is slightly moved from the outer edge, the fourth
is a little more, and the fifth still more. But from all these different movements, the result is that
the first pore no longer belongs to the original arc of pores. It is separated to be added to a new arc
that it completes, a secondary arc whose other terms are the pores of the preceding compound
plate, with the exception of the first. Arcs of 3, 4, 5, 6 or 7 pores, which characterize the genus
Toxopneustes, and in which the number of pores depends on that of the intermediary plates, are
counted, consequently, always from the second pore of a compound plate up to the first pore
including in the one which follows.
Because of these transpositions, all order seems to have disappeared from the peristome, even
in individuals of small size. Yet the disorder is only apparent. A careful examination shows that
all is ordered according to the same law.
The peristomal plates of series I a, II a, III b, IV a, V b have the following transformations103.
The rudimentary geminate pore,1, passes little by little the middle of the first plate and is only a
notch on its border. For as the corona grows at its apical pole, a small part of its solid substances
disappears on the edge of the peristome, where its calcareous layer is slowly absorbed and so well
that each pore that it reaches is corroded, so to speak, and more or less loses its oval enclosure.
The perfectly geminate pore, 2, of the first primary plate (I,I), which is an entire plate, advances,
it also, from the suture toward the middle and approaches at the same time the edge, to lose there
little by little a considerable part of its circumference and even from its lower canal, the upper
canal having already been filled and plugged. These two pores, 1 and 2, continue to a pair
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IIIb, in figures 141–147, represent ambulacrum III in six different phases of growth.

themselves. The second primary plate (1,2) is a demi-plate. Its pore, 3, therefore moves very little
from its original place. It begins the first secondary arc, but, because of the decrease and the
compression of the first primary plate, it approaches the edge and loses there also in its turn a part
of its area. The third and last primary plate of the first compound plate (1,) is still an entire plate,
and its pore, 4, is likewise transported toward the center and even further forward than that which
precedes it. Pore 5, belonging to the first primary plate of the second compound (2,1), is as such,
more mobile. It separates a lot from the suture and reaches the first secondary arc composed of
three pores, 3, 4 and 5. Pore 6, placed on the intermediary demi-plate 2,2, keeps its place as the
primary plate 3,1 as the first of the secondary arc, the three pores also whose second, 7, of the
primary plate 2,3, retracts considerable, although not as much as the third, pore 8, belonging to the
primary plate 3,1. By pore 9 of the primary plate 3,2, begins still a third secondary arc with four
pores, which move according to the same norm as the preceding, namely: 8: plate 3,2: 10: plate
3,3, 11; plate 3,4, and 12: plate 4,4 . During all these changes, the compound plates 1, 2 and 3 have
undergone a greater compression. In the small individual, fig. 141, they constitute two thirds of
the entire height of the corona. The largest periphery coincides nearly with the suture between
plates 2 and 3. In another a little larger, fig. 142, they are all located beneath the line of the largest
periphery, filling less than half of height of the corona. Their width exceeds a little their height.
The first compound plate 1, on the peristomal plate, is especially strongly compressed. Its pores
cease to grow, their upper canal decreases or is closed. Pore 2 loses on the edge of the peristome
even more of its enclosure and pore 3 goes little by little to follow. The radial mamelon disappears
entirely or nearly. In the individual fig. 145. the suture between the compound plates 1 and 2 has
disappeared. These latter are merged into a single compound binary plate of the second order: 1 +
2, formed of six primary plates that can no longer be distinguished. The large mamelon originally
belonged to compound plate 2. In the individual fig. 146, the binary compound plate 1 + 2 has
been still more depressed. There remains only half of pore 2 and nearly as much of pore 3. In the
compound plate 3, the sutures of the primary plates are obliterated now more and more and in the
individual fig. 147, there are found even completely merged with 1 and 2 into a single ternary plate
of the third order, 1 + 2 + 3 composed of eleven primary plates because it has 11 pores, placed in
way they can be counted: 1. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, then, to end this arc, 12 on the following
compound plate, 4, i.e., arranged by groups of 2, 3, 3, 4, etc. The form of this large compound
plate now becomes such that the width is to the height nearly a 1:0.7. In the younger individual
fig. 141, where the three plates 1, 2, 3 are separated, the width related to their length as 1:2.25.

In the first coronal plates that belong to the series 1 b . . .
V a, it is produced by analogous transpositions104, only with
the difference that compound plate 1 consists of only two
primary plates. Here, again, as it seems, plates 1, 2, and 3
merge even earlier than in the series 1 a . . . V b. The ternary
compound plate of three orders, 1 + 2 + 3, fig. 147, produced
after this merger thus has ten pores arranged in a way to be
counted: 1, 2; 3, 4; 5, 6, 7; 8, 9, 10, then, to end the arc, 11, on
the compound plate following 4; i.e., they are arranged in
groups of 2, 2, 3, 4, etc. In the ternary peristomal plate in series
1 a . . . V b, the pores are counted in groups or arcs of 2, 3, 4,
etc. It is thus by second number that we distinguish the
peristomal plates of the two series. It is 3 in 1 a . . . V b, but 2
in series 1 b . . . V a. The fourth arc here with four pores has
only three in some individuals of Toxopneustes
droebachensis, i.e., that the compound plate 3 has only a single
median primary plate. Thus, there is some variability
In the Echinids and the Cidarids, the tentacular pores are
always geminate pores. Inside an oval area with a more or less The compound plate III b of three
elevated edge, open two vertical canals by which the water individuals of different ages of
vessels enter the tentacle. Their openings with the interior of Toxopneustes droebachensis O.F.M.
seen from the interior and by
the test are farther from each other than the exterior openings. tramsparency, 1 being a very young
The canals cross thus the thickness of the test in an oblique individual, 3 that of an adult.
direction. If one compares the position of the exterior Magnifications are different.
openings with those of the interiors of the same plate at
different ages and development, we find that the interiors do not change location as much as the
exteriors so that the canals that take, in the young, the shorter path from the interior to the exterior
are carried by growth little by little toward the center as the exterior openings are transposed. The
movement that takes place in the very substance of the plate is thus not the same everywhere, and
the nearer it is to the exterior surface, the more it is directed toward the median suture of the
ambulacrum.
Thus grow the ambulacra of Toxopneustes droebachensis during the progressive changes of
the plates and the pores. In individuals even more developed, we recognize, with their form and
their grouping in the peristome, the different character of the two series. The numbers by which
the disposition of the pore is designated in this species, 2, 3, 3, 4 etc. of series I a . . . V b, and 2,
2, 3, 4 etc. of series I b . . . V a, are found not only in close species, Toxopneustes brevispinosus
(RISSO) and T. lividus (LAMK.) but even in Loxechinus albus (MOL.), Echinus esculentus L.,
Lytechinus variegatus (LAMK,), Tripneustes ventricosus (Lamk.), Boletia heteropora DESOR,
Amblypneustes ovum (LAMK.)105, Temnopleurus toreumaticus (LESKE)106, Echinothrix turcarum
PETERS107, Echinocidaris punctulata (LAMK.)108, in a word, in all echinoids. Echinometra is not an
104

See III a in figures 141–147.
PI. XVIII, fig. 153.
106
Fig. 154.
107
Fig. 155.
108
Fig. 156.
105

exception. The same numbers are reproduced with striking evidence in the arrangement of pores
around the mouth of Echiometra lucunter (L.) from the West Indies109. The madreporite is placed,
as in all the others, in the anterior right genital plate, and the anterior-posterior axis of the body
does not coincide, as JOHANNES MÜLLER believed, with the longer diameter of the test, but is
oblique as L. AGASSIZ thought, the longitudinal diameter passing through ambulacrum I and by
the corresponding interradial area 3. It is in its vertical plane that we find the curve of the bending
of the test. Heterocentrus and Colobocentrus110, on the contrary, are symmetrical, the short
diameter of the test making in them the anterio-posterior axis in the direction the peristome is
elongated, the posterior bay being the deepest, as is observed also in many other types. This is the
position that JOHANNES MÜLLER gave to these Echinids. But the place the madreporite comes to
occupy in consequence, was regarded by him as an exceptional deviation from what he incorrectly
considered as being its normal place in all the Echinids and Cidarids, namely vis-à-vis the posterior
left interradial area. It is not so. With the exception of the Clypeastrids, the close relation of the
madreporite with the anterior right genital plate is constant in all the Echinoidea. If, by chance, the
position of this piece is not known, as in the frequent case where the apical system has been lost,
we find it, in the Echinids, by the formula of the disposition of the pores of the peristomal plates
that gives at the same time the anterio-posterior axis of the body, with its bivium and its trivium.
The Salenians, which for so many reasons, merit being examined in relation to the asymmetry
of the ambulacra thus formulated, dominant, as we shall see in all the Echinoidea, have not been
studied thoroughly up until now, their species existing only in the fossil state. Happily, thanks to
the enlightened and tireless research on the fauna of the Lesser Antilles to which Dr. A. GOËS
devoted himself during his residence as doctor in the island of St. Barthélemy and that has enriched
our collections with a multitude of precious objects, it has been possible to give exact figures111 of
the test of a living species112,
Salenia goësiana n.
Test moderately swollen above, nearly flat below. Very large stoma, with distinct notches, but not deep.
Ambulacra very wide, narrow above, with 11 to 12 pairs of plates. Pores in single series, with an oval area with a
raised edge. Large primary mamelons, imperforate, non-crenelated. Interradial areas wide, with five pairs of rather
large plates imperforate, crenelated. Apical system very large, occupying most of the upper surface, disk central,
pentagonal. Genital pieces very large, hexagonal with a seventh corner not pronounced, corresponding to the re-entrant
corners of the last interradial plates. Genital piece 2, a little larger than the others, has the madreporite. Anal opening
formed of nearly equal parts at the expense of the central disk and genital pieces 1 and 5, oval, with raised edge.
Pentagonal ocular pieces, distant from the central disk, with an ocular pore near their external edge. All parts of the
apical system spiny with a large number of rather long prominences, sessile, cylindrical, round, slightly swollen top,
reticulated, densely dotted like a raspberry on the edge of the periproct that is lined with them. Diameter of the test,
3.5 millimeters. — Young individual without genital pores and whose madrepore is marked only inside. Color whitish,
with greenish prominences.
Dredged by Dr. GOËS near the Virgin Islands in the Lesser Antilles at 360 meters of depth.
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In the Bulletin of the Museum of comparative Zoology at Harvard Collège, Cambridge, Mass., no 9, 1869, p. 254,
and in his beautiful work: Revision of the Ecbini, p. 155 and 261, pl. 3, fig. 8–14, Mr ALEXANDER AGASSIZ has
described Salenia varispina, dredged by the count DE POURTALÉS at great depths between the island of Cuba and
Florida, which appears to have some relation with our species, which differs however by it “abactinal system, spiny
with embryonic spines (studded with embryonic spines) instead of sessile prominences.
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The pores of Salenians form two single rows in each ambulacrum, which indicates that all the
plates remain entire. There are no secondary arcs of a different arrangement in the two series.
However, in studying the peristome with care, we see113 that, in the ambulacra I a, II a, III b, IV
a, V b, the first pore is farther from the edge that those of plates I b, II b, III a, IV b, V a.
Consequently, the law is maintained.
All Echinids have in their buccal membrane ten free plates, each with a tentacular pore. We
can ask if these plates have been freed very early from the corona, before the development of the
auricles. Very careful observations made under favorable conditions will leave no doubt to the
answer to this question. A small Toxopneustes droebachensis whose diameter is only two
millimeters114 already has five pairs of large plates in the buccal membrane, each pair placed before
its ambulacrum. Of these ten plates, those of series I a . . . V b, are larger, but lack tentacular pores.
The five others of series I b . . . V a, are on the contrary smaller, but each has a pore and a tentacle.
Thus, this series precedes, here as always, the other in development of these parts at the same time
that it cedes to it in size. At a much earlier time115 when the young Urchin, having a diameter of
only 0.6 millimeters, no longer shows any remains of its pluteus, but, on the other hand, still does
not give any indication of the buccal or anal opening. It moves, as we learn from the observations
of JOHANNES MÜLLER with the aid of five large primordial tentacles with a terminal sucker,
supported by a reticulated calcareous disk116, which, in keeping an equal distance between them,
leave small depressions not far from the edge of the buccal surface of the tentacular bodies, i.e.,
from the surface that had been turned toward the interior of the pluteus Inside these large tentacles
are placed in a circle, five pairs of lamina of reticulated calcareous tissue in a nearly oval form and
with their long diameter directed toward the center. Each lamina has, near its exterior end, an open
oval space pointed toward the outside and with plain edges117 surmounted by one of the ten minor
tentacles118. These five pairs of lamina can hardly be anything other than the rudiments of the first
primary plates of the ambulacra, the more so as, nearer the periphery, between two pairs are found
intercalated five other small laminae, nearly triangular, that would then be considered as the first
beginning of the interradial areas. Each of the five large primordial tentacles has at its base on a
line that separates each pair of the five minor tentacles to the point where will later pass the median
suture of the ambulacrum. Can these five isolated tentacles have anything in common with the
tentacles of the oral membrane that, as we have seen, are also isolated at first? KROHN has seen
them absorbed and disappear before the buccal opening opens and the ten tentacle pairs become,
in exchange, instruments of movement119.
The account given here shows that, during the growth of the Echinid, in each of its ambulacra,
the double row of plates is carried, as by a very slow current, from their point of origin, near the
ocular plates, up toward the peristome. There, the auricles, — parts that belong, not to the test as
accessory extensions, but essentially to the masticatory apparatus, of which they are the supports,
— fixed by their very strong bases to the internal surface of each ambulacral plates themselves
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that stop its progress. It is thanks to this resistance that, in the Echinids and the Echinoconids,
makes the peristome the fixed limit of the corona to the buccal membrane, that, during their growth
and because of the simultaneous pressure of the plates that produces this encumbrance that brings
about the transformations, the displacements of the parts, and finally the complete fusion of the
peristomal plates, all tending to make the disposition of their pores appear confused.
It is otherwise in the Cidarids. In this group120,
all the plates of the ambulacra are entire and primary
and always remain so. Moreover, in each row, they
are separated from each other by sutures that are not
obliterated anywhere by fusion. They continue thus
during the entire life of the Urchin, to be such as are
the ambulacral plates of a very young Echinid, the
perisomal of I a . . . V b excepted, and that they are
all in Holectypus and Discoidea, however without
ever forming compound groups like the triads,
pentads, etc. of them. They make a narrow double
row121, nearly everywhere the same width, which as
new plates are added near the ocular piece, is slowly
carried between the edges of interradial areas, like a
Amhulacrum III of Cîdarus hystrix LAMK.
river between its two banks, — towards the edge of
1,1,
the oldest plates are those of row b
the corona. There, the auricles offer no resistance.
belonging
to the series Ia . . . Vb, larger than the
Fixed by their bases exclusively to the interradial
other.
9,9,
the ninth plates of the second row, of
plates of the two sides of the ambulacrum122, they which those of row b are at the point of being
left a passage so open to it that no obstacle made any released. The suture is beginning to open its
encumbrance and, consequently, neither to half, the same with row a, already free and
depression nor enlargement of is plates. On the transformed into a scale.
contrary, each time a primary plate reaches, in its
turn, the edge of the corona, the suture that had united it to the following plate, was not slow to
open123, and the plate, soon to become free, separates from it to pass like by a mouth, into the
buccal membrane. Simultaneously there is a change in its conformation 124. The prominence in its
arched form that is raised on its internal surface, that is all the larger as it comes closer to the
peristome, is absorbed when the plate is detached and very quickly disappears. The plate
diminishes by its lower edge, and its mamelon shrinks, especially the side of the interradial area,
as well as in thickness and it is thus transformed into a thin scale whose lower edge is placed above
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that which precedes it. The pores become
placed in a depression that deepens little
by little, their openings taking a transverse
extension and change their mutual
position.
Such is the origin of the “imbricated
scales” of the buccal membrane of Cidaris,
which are really only metamorphosd
ambulacral plates125. It is evident that, in
their rows, the pairs that are found nearer
the mouth are the oldest. The others are
detached from the corona. Each has its
turn in adding thus to the number of
already formed imbricated scales.
It is in this different character of the
ambulacra that resides the profound
divergence existing between the Cidarids
on one side and the Echinids and indeed all
the rest of the Echinoidea. The clear
movement of the ambulacrum in Cidarids
has the result of decomposing it. The
transformation of the primary plates close
to the peristome into disengaged, mobile
and interlocking scales is completely
contrary to the homologous movement
Peristomal part of an ambulacrum of Cidaris papilata
which, in Echinids, finishes by the
LESKE seen from the interior. The very developed
intimate fusion of the primary plates into
prominences, near the edge, form a kind of open platform
compound plates merging the peristome that contains the ambulacral plates decrease suddenly in the
into a solid circle, the fixed limit of the plates being released.
corona. But, despite this difference in
morphology, we see the validity of the same law that rules in all the Echinoidea. A careful
examination shows first that, among the oldest scales immediately surrounding the mouth, that
that belong to the series I a, II a, III b, IV a, V b are a little larger than those of the series I b, II b,
III a, IV b, V a. Then, if we observe the series of scales going from the mouth to the corona, the
first ones cover their internal lateral edges. When we reach the corona, we recognize that this
nested arrangement is because the plates of the series I a . . . V b arrive later at the edge and begin
to detach only when the corresponding plates of series I b . . . V a are entirely disengaged, mobile
and loose in the buccal membrane. This difference occurs all along the ambulacrum. Of each pair
of plates, that which belongs to the series I a . . . V b always follows that of series I b . . . V a, and
the pair recently formed near the ocular piece, the plate of the first series is always less developed
that that of the latter, or even has not yet started to develop. Thus, in Cidaris hystrix LAMK., of a
diameter of twenty-eight millimeters, the number of plates, counted from the mouth to the ocular
pieces is:
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it. See his Études sur les Echinides, p. 168.

in
“
“
“
“

Ia:54.0
IIa:54.6
IIIb:54.0
IVa:56.0
Vb:56.0

but in
“ “
“ “
“ “
“ “

Ib:55.0
IIb:55.6
IIIa:54.3
IVb:56.5
Va:56.5

which gives, for each of the rows of series I b . . . V a, on those of series I a . . . V b an excess of
an entire or a half formed plate.
The Cidarids are not, however, the only Echinoidea having this character of the continuation
of the ambulacral row beyond the limits of the corona. Two genera share it with them, Echinothuria
of S. P. WOODWARD126, fossil of the Cretaceous formation and Asthenosoma of GRUBE127
inhabiting the great depths of the present seas, genera that, under other reports, greatly differ from
the Cidarids, while they have evident similarities with the Diademas. According to the little
information published until now on these animals, it appears that in Asthenosoma, the auricles are
not fixed to the immobility of the internal surface of the test but joined by articulation to the
transverse crest of the interradial plates, which permits the ambulacral plates to pass gradually into
the buccal membrane. Imbricated and mobile, as the plates are here, from the origin near the apical
system, it appears — to judge from the figures — that those that reach the buccal membrane
enlarge very considerably on the external side in a way to cover it entirely with their scales alone
to the exclusion of the interradial plates. When we compare to the descriptions and figures of
Asthenosoma GRUBE to those given of Echinothuria floris WOODWARD, we can no longer doubt
there are two members of a very remarkable group whose existence extends from the period of the
chalk up to now is known only by some isolated remains of a small number of specimens from the
great depths of the ocean. In both, we find known characters, but partly carried to a higher degree,
although much less pronounced, in the Diademas: the depressed test, thin and fragile, tubular
spines, arched and imbricated interradial plates, auricles fused to the interior surface of the test,
less intimate and more visible than in most Echinids. But what appears to strongly distinguish
these two genera from the Diademas is the quite particular constitution of their ambulacra, whose
plates, slightly arched and imbricated adorally, seem to be arranged in triads, composed of a very
large entire plate and of two strongly reduced demi-plates whose pores are moved to the adoral
edge of the plate. It is an arrangement to which other Echinids have nothing very similar. To
understand well requires a careful analysis of the parts. It would be thus with much reserve that
we dare see some resemblance of one of these triads with a first plate of the peristome of
Toxopneustes with two pores, one of which is marginal and reduced to a single notch, and the
corresponding free plate of the buccal member, the two plates taken together.
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A strongly depressed and flat body, the mutual coming together of the two surfaces, the upper
and the lower, in part joined interiorly by walls and pillars; the anterio-posterior diameter longer
or shorter than the transverse diameter, always indicated by the location of the periproct in the
unpaired interradial area, and often by a perfectly distinct bivium; the extension on the interradial
areas of very numerous tentacular pores; the existence more or less developed petals for branchial
gills; the madreporite128 occupying the interior of the central disk and often all the genital pieces,
confluent with this one, without perceptible sutures, the genital pores not always placed in the
genital pieces, but received sometimes in the interradial areas129; sphaeridia in the bottom of
cavities in the ambulacra: these are the characters that distinguish the Clypeastrids from other
Echinoidea with teeth, with which, on the other hand, they are intimately linked by the presence
of a masticatory apparatus and, as a result, the form of the peristome, constant during growth and
by its position in the center of the lower surface.
The law of asymmetry reigning in the ambulacral system of all Echinoidea, is manifested here
in a particular way. It is not that the peristomal plates of the series I a . . . V b are bipore; there is
not even a notable difference between the single large buccal pore of this series and that of the
other. But these same plates130 are larger than those of the series I b . . . V a, and this relation of
size between the two peristomal plates of the ambulacrum often repeats itself in a more or less
evident manner in its second and even its third plates. In the genus Arachnoides only, the normal
disposition of the elements of the peristome becomes a little vague, having indecisive forms. This
is a result of successive transformations specific to this genus.
At their definitive size, the Clypeastrids have in several genera all five ambulacra of uniform
size, while in others, the bivium asserts itself, either early or little by little as a result of movements
and changes in form and size that the plates undergo, more considerable here during growth than
in the other Echinoidea. L. AGASSIZ and JOHANNES MÜLLER have already observed that, in the
Clypeastrids the corona “is simplified” at the peristome, that the plates increase in width instead
of in length, as PHILLIPPI has already noted in Echinus and that this applies especially to the
ambulacral plates “that are contiguous with each other.”
Regulars, having all five ambulacra uniform, and, except for the periproct, generally also all
the interradial areas in their developed state, Echinocyamus pusillus (O. F. M.) and Laganum
depressum AL. AGASSIZ, which have all five interradial areas coherent forming a continuous suite
of plates. It is the same in Encope valenciennesi AGASS. and Encope Stokesi AGASSIZ., Clypeaster
rosaceus (L.) and Clypeaster prostratus RAV., having, in all the ambulacra, the bivium like the
trivium, plate 2 in the first of these two genera, and plates 2 and in 3 in the latter, so enlarged that,
on their external edges, all the ambulacra touching in a way to form a compact area separating the
interradial plate 2 and those that follow from plate 1, that of the peristome, which here, as in all
these genera, is complete, i.e., composed of ten ambulacral plates and five interradial plates.
Irregulars, with a bivium that is distinguished from the trivium, are Mellita hexapora (GM.)131
and Rotula dentata (LAMK.)132. In both, plate 2 in I a and V b, is not widened on its internal edge
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and, consequently, does not interrupt the unpaired interradius, whose following plates remain
intact and coherent. In Mellita, plates 2 and 3 of the trivium and the rows I b and V a of the bivium;
in Rotula, plates 2 of the trivium and the same in I b and V a of the bivium, are so enlarged133 that
the enclosure formed by their ensemble is open only near the unpaired interradius and that,
consequently, the series of plates of the four interradial areas are interrupted so that, in each of
them, peristomal plate 1is separated from the following. The irregularities are opposite in
Echinarachnius parma (LAMK.)134 and Lobophora, in which plates 2 of I a and V b are more
enlarged than those of trivium and of I b and V a so the unpaired interradius is interrupted in a
larger proportion than the paired interradial areas. All these genera still have the complete
peristome, i.e., composed of ten ambulacral plates and five interradial plates. In this regard, like
the others. The genus Arachnoides has a remarkable deviation from the normal state in that the
adult A. placenta L.135, plates 1, 2 and 3 of all the ambulacra are so greatly enlarged that in all five
interradial areas, plate 1 has disappeared from the peristome. This one is composed, consequently
only of first ten ambulacral plates forming, with the following two or three, a wide closed subpentagonal enclosure, greatly separating the interradial areas. But here, again, the bivium asserts
itself, although weakly. Between plates 2 of I a and V b, a small space is left open for very small
and very compressed plates of the unpaired interradius. Thus, while in the other Echinoidea with
teeth and among the edentate, in the Echinoneids, Cassidulids, Collyritids and Anachytids, the test,
or at least its peristomal region is found divided in a regular and constant manner between the
ambulacra and the interradial areas. In Spatangids, the former rarely predominates so as to exclude
the latter from the peristome, as we have described above and was indicated a long time ago by
CHARLES DESMOULINS. The opposite takes place in the Clypeastrids, the predominance of the
ambulacra being the rule in a way that, in most, the interradial areas are interrupted. It is important
to know if these peculiarities already occur at a younger age or if they develop during growth.
Two species of the genus Arachnoides AGASS. have been described:
1. Arachnoides placenta L.
PI. VII, fig. 77, 78. PI. LI, fig. 247–250.
Test rounded, sub-pentagonal, slightly notched posteriorly, flat, with the top a little elevated. Apical system placed
noticeably behind the center. Periproct sub-marginal, sub-circular or longitudinally oval. Ratio of the width of the
interambulacral areas, taken at the edge of the test, to that of the ambulacra, is on average 33:100. Peristome subcircular formed of only ten ambulacral plates, to the exclusion of the five interradial plates. Bilobed median lamina of
the ambulacra narrow and not very projecting. The ambulacral plates 2 and 3, or 2, 3 and 4 contiguous, forming
together a compact enclosure that relegates toward the edge the series of interradial plates, of which, in the unpaired
area only, two small plates remain between plates 2 of I a and V b. The equator passes through plates 4 or 5 of the
ambulacra and through plates 2 or 3 of the interradial areas. Lobulated poriferous areas of the ambulacra more or less
conform to their plates, of which they occupy the major part. A smooth groove along the median suture of the bivium
and the pre-anal plates of the unpaired interradial area. Dimensions; length. 66 mm, width 65 mm; length 55 mm,
width 56 mm; length 55 mm, width 56 mm; length 45 mm, width 46 mm.
Inhabits the southern seas, from the Gulf of Bengal to the south-east of Australia.
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In the two specimens of Rotula examined, this enlargement is lacking in plate 2 of IV a so that the interradial area
3 is only half interrupted.
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This is the old species known and figured several times by museum keepers of the past century,
long before the exploration of New Zealand by COOK. It has been confused with the following:
2. Arachnoides zelandiae GRAY.
PI. LII, fig. 251–255.
Test suborbicular, noticeably shorter than wide, slightly truncated posteriorly with the petaloid region a little
depressed, slightly convex anteriorly. Apical system placed noticeably before the center. Periproct oval transversely,
less near the edge. Ratio of the width of the interradial area, taken at the edge to that of the ambulacra to that of the
ambulacra has an average of 72:100. Contour curved thanks to ambulacra more projecting than the interradial areas
and the sutures marked by slight sinuosities. Peristome sub-pentagonal, composed of five interradial plates and five
ambulacrals, with a median lamina, bilobed, wide and projecting. Plates 2 of the five ambulacra contiguous in a way
to separate plates 2 of the interradial areas from the peristomal plates. The equator passes through plates 4 or 5 of the
ambulacra, plates 4 of the paired interradial areas and plates 3 of the unpaired. Poriferous areas of the ambulacra
occupying scarcely half of the surface of plates 2 and 3, and a little more of plates 4. No groove in the bivium. Tops
of the interradial areas with three or four pairs of mamelons much larger than the others. Dimensions: length 80 mm,
width 84 mm; length 72 mm, width 79 mm; length 14.6 mm, width 16 mm,
Inhabits the seas of New Zealand (Colonial Mduseum of Wellington). Discovered by Doctor DIFFENBACH. This
species was described by J. E. GRAY more than thirty years ago136.

The description given above of Arachnoides placenta (L.) is that of an adult individual 66 mm
in length137. If we compare a small individual138 of only 45 mm, we see a very marked difference
in the constitution of the peristome, in that the five plates of the interradial areas alternate, as a
rule, with the five ambulacra. A third individual139, having a length of 55 mm, has the intermediate
condition, i.e., a peristome constituted of five ambulacra and four interradial plates, the fifth, that
of area 2, is missing, having been, it appears, absorbed and shared between the ambulacral plates
II b and III a. It is without doubt the result of similar annexations that all five interradial plates
finally disappear from the peristome. It is also apparently because of successive increases that
cause, at the same time, the relations of reciprocal magnitude, so evident elsewhere, to be disturbed
in ambulacral plates 1 in this species to return, however, to the normal formula in plates 2. On the
other hand, it cannot be forgotten that in the other species, Arachnoidea zelandiae140, that does not
have this particularity of the apparent disappearance of the interradial peristomal plates, but in
which, on the contrary, these same plates seem to grow with age, the order of the ambulacral plates
is nevertheless a little vague also and obeys the general law only weakly. This is a deviation that
merits careful study on a large number of individuals of different ages.
Mellita hexapora (GM.), when it is only six and half mm in length141, has a great distance
between rows I a and V b, so that the interradial area between them is wider than in older
individuals. But plates 2 of I b and V a of the bivium and of all the trivium are already so enlarged
that they form a compact enclosure, open at the back only, and separating the following interradial
plates of the perisomial 1. However, it is only at a much larger size of the animal that plate 3 is
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also found enlarged in a way to enter into this enclosure142 and this increase makes it necessary to
suppose that at a size below six mm, Mellita must have all its ambulacra separated. Such is in fact
the case in Echinarchnius parma (LAMK.). A young individual of this species of six and a half mm
in length143 has all five ambulacra uniform, and their plates 2 are not yet large enough to influence
the form of the interradials that are all intact and coherent. But, in an individual of 34 mm144, plates
2 of I a and V b of the bivium have so increased that they touch and come to cut the unpaired
interradius. However, it is still only in the interradial areas 1 and 4 that one of plates 2 is nearly
isolated from plate 1.
These observations indicate that the changes that take place in the elements of the ambulacra
during growth of the individual are much greater in some Clypeastrids than in other Echinoidea,
and we are led to conclude that, in Clypeastrids, the regular form with five similar ambulacra and
with five uniform interradial areas, is the original form, preserved during the entire life by
Echinocyamus and Laganum, a form that diverges, as the individual ages, in the genera Encope,
Clypeaster, Mellita and Rotula, Echinarachnius, Lobophora and Arachnoides. The last five
develop at the same time a bivium that is distinguished from the trivium by its form. Pressure
toward the peristome occurs during growth and during the successive production of new plates
and the great increase in the petals destined to be gills is in these changes. Also, the equator of the
test does not remain the same during the whole life of the animal. We see, in comparing numerous
individuals of Echinarachnius parma of different ages, that the plates through which passes the
periphery, an ever-larger part advances imperceptibly towards the lower surface until the following
plate is seen and the periproct, dorsal in the very young, finally becomes more half-ventral. At the
same time, the stoma of the test, as in the Echinids, decreases in proportion to the whole animal.
In Mellita hexapora (GM.) six mm in width, the diameter of the soma is approximately 0.13 of that
of the test; at 8 mm, 0.1; at 35 mm, 0.04 and at 80 mm, 0.34.
The order expressed by the formula of the two series of ambulacral peristomal plates is still
asserted with the successive appearance of the sphaeridia.
In the Spatangids, of which Brissopsis lyrifera (FORB.)145 can serve as an example, the first
sphaeridium is seen on the unipore peristomal plate of each ambulacrum, i.e., on plates I b, II b,
III a, IV b V a, all near the suture and usually it leans toward the bipore plate. In very young
Echinocardium flavescens (O.F.M.)146, whose peristome is still pentagonal and whose mouth is
not very far from the center of the buccal membrane, we see on each of the plates, bipore peristomal
plates, i.e., on those of the series I a, II a, II b, IV a, V b, develop the second sphaeridium whose
smallness indicates very recent formation. Series I a . . . V b is thus here still preceded by the series
I b . . . V a. When the mouth is drawn back in a way to nearly touch the lip147 each ambulacrum
shows a third sphaeridium placed on plate 2 of series 1 b . . . V a, and when the oral aperture begins
to be converted into the projecting lip148, the fourth sphaeridium appears, first as it seems, on the
ambulacral pairs of the trivium on plate 2 of the series I a . . . V b.
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A very young Cassidulid, a C. cariboearum LAMK. four mm in length149, already has two
sphaeridia, whose difference in size indicates that that of the unipore perisome plate must have
been the first formed. At seven mm in length150, there are four, very visible, in deep cavities. When
the animal has a length of twelve mm151, the sphaeridia are six in number, but then the
characteristic overgrowth of the group is also produced. A layer of calcareous substance of a tissue
first reticular and irregular has an appearance like scum152 extends to the surface of the test. It is
best observed in the sternal region of the unpaired interradius where it leaves the center of each
plate and crosses its limits in forming thin, tortuous irregular crests imperceptibly producing on
this surface finally small, scattered cavities that are restricted to adult individuals. The first effect
of this overgrowth153 is raising the edges of the cavities with the sphaeridia, then to form there
projecting parts that little by little cover them. As in the first sphaeridium of each appear in the
series I b . . . V a, it is again this one that in its turn is covered by the first, then those of series I a
. . . V b, the manner they undergo this covering follows that of their appearance.
Toxopneustes droebachensis (O.F.M.) can serve to show how the sphaeridia are produced in
Echinids154. A small individual of this species, two mm in diameter155, has in each of its ambulacra
only one sphaeridium, 1, placed on the first primary plate of the binary compound plate of the
series I b, II b, III a, IV b, V a, all near the edge of the peristome and the median suture. Another
individual, of three mm156, has two of them, of which the second in date, 2, belongs to the first
primary plate of the ternary compound plate of series I a, II a, III b, IV a, V b. At an animal size
of 6 mm157, the sphaeridia are four in number, of which 1 is even nearer to the edge of the primary
plate 1, and 2 remains as before. Two others have appeared: 3 on the second primary plate of the
binary compound plate of series I a . . . V b, 3, which is entire, but not on 2, which is a median
demi-plate. At a more advanced state of growth, the same animal158 has equally four sphaeridia,
although these are not 1, 2, 3, 4, but 2, 3, 4, 5 because the binary compound plate series I b . . . V
a, whose two primary plates are merged, has been strongly compressed, and its sphaeridium 1, the
earliest, that was located near the primary plate has disappeared. Sphaeridium 2 is still there but it
is nearer the edge because the pressure continues. 3 remains as before on the binary compound
plate of series I b . . . V a, and 4 on the ternary compound plate of series I a . . . V b. Finally, a new
sphaeridium, 5, is developed on the primary plate 1 of the compound plate 2 of series I b . . . V a.
These sphaeridia 2, 3, 4, 5 are found even after the compound plates 1 and 2 of the two series are
united into secondary compound plates and the animal has reached a size of eleven millimeters159.
But in an individual a little larger, of a diameter of fifteen millimeters and with five sphaeridia,
these are not 2, 3, 4, 5, 6 but 3, 4, 5, 6, 7 because sphaeridium 2, that got closer and closer to the
edge, has disappeared. Another sphaeridium, 6, has been added there, probably on primary plate 1
of plate 2 in the series I a . . . V b, and still one more, 7, probably on the primary plate 1 of the
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compound plate 2 of the series I b . . V a. Finally, at a size of fifty-two millimeters160, when the
peristomal plates of the ambulacra are compound plates of the third order, formed of the united 1,
2 and 3, their six sphaerida have the ordinal numbers 3, 4, 5, 6, 7, 8, of which the last, it seems,
belongs to the primary plate 1 of compound plate 3. Thus, the resorption on the edge of the
peristome has led to the disappearance of two sphaeridia and a spine with its mamelon.
If, in the peristome of Toxopneustes droebachensis (O.F.M.)161 or of any other Echinid, we
join by straight lines the five plates I a, II a, III b, IV a, V b, and the five others, I b, II b, III a, IV
b, V a, two equal and similar pentagons are inscribed in the circle, each having equal contiguous
corners. These two pentagons are arranged in a manner that the side of I a V b corresponds to the
unpaired interradial area. It is the interradial area of the madreporite that corresponds to the
homologous side II b III a. The four sides that enclose in the two pentagons equal but nonhomologous corners, are parallel, but the sides common to the two homologous corners and of
unequal size intersect. Lastly, simultaneously, the two pentagons with their external lines form a
symmetrical figure not because of the line of the stoma, coinciding with the anterior-posterior axis
of the animal, but only in relation to a line ɑω passing through the point of intersection of these
latter sides. It follows that all the lines that connect the corners, homologous to the two pentagons,
i.e., IV a with IV b, III b with V a, V b with III a, I a with II b, I b with II a are parallel to each
other and rectangles relative to the same line. Consequently, if one of the pentagons is rotated
around this line, as around an axis, it coincides with the other.
There is, in the same way, in the pentagonal peristome with round corners in a young
Spatangid, two similar pentagons. It is evident that the same thing takes place in the first pentagon
of Cassidulids.
The line ɑω, if it is extended. passes
through ambulacral IV and interradial area
1, while the anterio-posterior axis of the
body passes through ambulacral III and the
interradial area 5. Too weakly expressed in
the Echinids with a circular form, so that it
does not become lost in the multitude of
powerful external organs, invariably
distributed in rays around the central mouth,
the latter axis becomes more or less
apparent in the intermediary forms, to stand
out most perfectly in the Spatangids in an
obvious way in their bilateral conformation
The buccal area of a young Brissopsis lyrifera (FORBS.).
and the manifest tendency toward the Sph designates the spheridia.
independent development of a part of the
body carried forward in the movements of the animal, of some profound modifications of the
peristome and periproct, in the structure, distribution and direction of the tentacles. But in all
species, whatever the general form, so perfectly do the two ambulacra of the bivium I and V and
the two ambulacra II and IV of the trivium respond to each other in the contours drawn on the
surface of the test, in their curves, in their narrow or widened parts, in the forms of their petals.
Finally, however constant the diversity of the unpaired anterior ambulacrum is everywhere, we see
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maintained in the constituent elements of the ambulacra, the asymmetry in which this other axis,
ɑω, is, so to say, the index. Evident in the highest degree at the edge of the corona of the mouth, it
affects the entire extension of the ambulacrum in the mode of its growth, as in the movement of
the rows of its plates and in the changes of place, form, size and their reciprocal relations, in the
arrangement of the tentacular pores as in the appearance, development and fall of the sphaeridia
and it will not fail. It is permitted to presume it in the relations of the spines and pedicellariae.
Without being betrayed by any influence on the general and typical conformation of the body, this
asymmetry of the ambulacra, foreign as it is both to the radial plan and bilateral plan, actually
defeats them, as if it were occult and we are led to ask if there is not there a trait of essential
organization restricted to the intra-larval state of the Urchin, but transferred to the definitive form
that it receives in developing its pluteus, and if it would not be possible that the line ɑω designates
the heterologous position of the developing Echinoid in its interior. If so, the line ɑω would be its
primordial axis, from where the Echinoid would have passed later to another, that would become
an anterio-posterior axis of the adult animal.
By this independent and particular organization that was just described, the ambulacra are
greatly distinguished from the other parts of the body of the Echinoid. They are not to be
considered as regions of general covering, as areas of the test, having the same morphological
value as the interradial areas. On the contrary, as a whole they constitute a system on their own,
the ambulacral system. Their first formed and most developed parts are supported by the peristome
or the very edges of the mouth to extend up to the ocular pieces. It is the instar of fixed arms with
immobility and fixed in the test that they function in the great majority of the genera as the sole
agents of the principal organs of touch and locomotion. Their structure is essentially identical in
the Echinoids of present seas and in those of Tertiary and Secondary times. We ask if it was still
so in the oldest known ones of Paleozoic times that authors have described, from time to time, a
number of species. These are the
PERIStCHOECHINIDAE M'COY.
Annals and Magazine of Natural History, Sec. Ser. lII, 1849, p. 251. Contributions to British Palaeontology,
Cambridge, 1854, p. 112. Syn. Tessellati DESOR, Synopsis des Échinides, 1858, p. 152.
Characterized by the presence, in the interradial areas, at the greatest periphery, of more than two vertical rows
of plates, of which the medians are hexagonal while the adambulacrals, which alone continue to the peristome and to
the apical system, are pentagonal, i.e., indented from the external edge to make room for the ambulacra.

A. LEPIDOCENTRIDAE. Interradial plates imbricated aborally (and laterally); the adambulacrals larger than the
others and having larger or more numerous mamelons. Known forms still very few, appear to have some relations
with the Cystideans.

Lepidocentrus JOHANNES MÛLLER.
Ueber neue Echinodermen des Eifeler Kalkes. Abhandl. d. K. Akad. d. Wiss. Berlin 1856, p. 258. LUDWIG SCHULTZE,
Monographie der Echinodermen des Eifler Kallies. Denkschriften der K. Akad. Wiss. Wien, XXVI, p. 133.

Fragments found in the Devonian chalk of Eifel, showing a part of the test and indentations of
the masticatory apparatus. Interradial areas with five or nine rows of plates imbricated aborally

and laterally on both sides of the unpaired and ambiguous median row. The side plates
quadrangular rather than hexagonal, the externals larger than the others, rounded at the
adambulacral edge, overflowing. The very narrow ambulacrum, “constructed like that of
Archeocidaris Wortheni HALL” but in which, apparently, we could not find pores. Spines very
small and subulate, articulated on very sparse mamelons, two or three on the adambulacral
interradial plates, one or two on the others.
L. rhenanus (Palaeocidaris) BEYRICH, Zeitschr. deutsch. geolog. Gesellschaft, IX, 4, Nov. 1856.,
JOH. MULLER 1. c. p. 264, pl. IV fig. 4–6. — Five rows of plates in the interradial areas.
L. eifelianus JOH. MULLER, 1. c. p. 258, pl. III, fig. 1–8. — We know only isolated plates.
L. Mulleri LUDW. SCHULTZE, 1. c. p. 124, pl. XIII fig. 1. — Nine rows of plates in the interradial
areas.
Pholidocidaris MEEK AND WORTHEN.
Proc. Acad. Nat. Se. Philad., XXI, p. 78. Geol. Surv. Illinois, V, 512. XV, fig. 9.

Fragments more or less deformed, which does not permit good reconstruction of the general
form but that suggest individuals 90 to 100 mm in diameter. Rather wide ambulacra of six rows of
plates, imbricated adorally, small, unequal, variable form, oval or rhomboidal with rounded
corners, a mamelon of medium size, having geminate pores placed sometimes with two others in
small holes in a wide depression. Interradial areas of five rows or more, plates imbricated aborally
and laterally, granular, thin, rounded, convex, unequal, the adambulacrals three or four times larger
than the others, elliptical form, longer than wide, projecting. Apical system unknown, a detached
piece that appears to belong there with six or seven pores, arranged in parallel on the external edge
and with a small central mamelon. On the ventral surface (?) of the body, the interradial plates
have a central primary mamelon that, on the opposite side are only large adambulacral plates. It is
perforated and surrounded with two smooth rings. The spines that belong to it, 25 mm in length,
subulate, finely striated longitudinally. Other spines having a third or a quarter the length of these,
appear to be those of ambulacra. Others, still smaller and very numerous are on tertiary mamelons.
The masticatory apparatus is unknown. — We note in fig. 9.3 a mass of very small scaly plates of
variable form.
Ph. irregularis M. and W. — Lower Carboniferous terrain of Illinois, North America.
Perischodomus M'COY.
Anuals and Magazine of Natural Historv, 2nd séries, III, p. 253. Contributions to British Palaeontology, p. 114.

Form “spheroidal, sub-pentagonal”. Narrow ambulaca, with entire plates, between which are
a small number of wedge-shaped plates with their points reaching the lateral suture. Interradial
areas wide, composed of five rows of unequal, (imbricated?) plates whose ambulacra are larger
than the others. “Genital” pieces have six points placed in a chevron near their internal edges.
Mamelons very small, granular, dense, lateral interradial plates alone having each near its
ambulacral edge a perforated, non-crenelated primary mamelon surrounded by a double ring.
Primary spines cylindrical, smooth.

P. biserialis M'COY 1. c. — In the series of 15 or 16 ambulacral plates, we see one wedge-shaped,
the point directed outwards. — Carboniferous chalk of Wexford, England. Comp. HARTE,
Dublin quart. Calcaire carbonifère de Wexford, England. Comp. HARTE, Dublin quart.
Journ. Science, V, p. 265, pl. IX.
B. PALAECHINIDAE M'COY. All the interradial plates covered with granules, without
primary mamelons.
Palaechinus SCOULER.
Journal of the Geological Society of Dublin, II, p. 99, without description, Dec. 1839.

This generic appellation combines Paleozoic fossil urchins having narrow and convex
ambulacra and very wide interradial areas composed of 4 to 7 rows of plates covered with small,
dense, equal mamelons. The apical system has been observed in two species. The peristome and
the masticatory apparatus are still unknown. — The species described belong to the Carboniferous
formation, with the exception of one alone, P. philippsiae FORBES, coming from the upper Silurien.
*Species with all plates of the ambulacra entire.
P. sphoericus SCOULER, M'COY, GRIFFITH, Synopsis of the characters of the carboniferous
limestone fossils of Ireland. Dublin 1844, p. 172, pl. XXIV, f. 5. Interradial areas with six rows
of plates. — DE KONINCK: Bull. Acad. Bruxelles, XXVllI, 1869, p. 544, pl. fig. 1. Apical
system of five continuous “genital” pieces, of which four have three pores placed parallel to
the two external edges and the fifth with a single pore situated near the internal edge. No ocular
pieces.
P. ellipticus SCOULER, M'COY, GKIFFITH, 1. c. f. 3. Test ellipsoidal. Interradial areas with five rows
of plates. — BAILY: Dublin Quarterly Journal of Science, V, p. 263, pl. VIII, f. 2. Peristome
reflected, opening small, mamelons perforated. Interradial plates with radiated crests.
P. quadriserialis J. WRIGHT: Dubl. Qu. Journ. V, p. 260, pi. VIII, fig. 1. Four rows of interradial
plates: otherwise, very little different from the preceding species.
P. elegans M'COY, GRIFFITH, 1. c. f. 2. Interradial areas with five rows of granular plates. — BAILY.
l. c. p. 261, pl. VII, after specimens in the GRIFFITH collection. The apical system has a central,
sub-pentagonal space (the anal membrane) covered with small plates arranged in concentric
series. Five “genital” pieces, each pierced with three pores placed parallel to the two external
sides of the piece, one of which is larger than the others, as if it contained the madreporite.
Five ocular pieces alternating with ”genital” pieces located in front of the ambulacra, each
having two pores placed near the external edge, notched in the middle. Spines (of the
ambulacra) very small, 2.5 mm in length, subulate, longitudinally striated. Mamelons of the
perforated interradial plates surrounded by a circle of ten small “secondary mamelons”.
**Species with ambulacral plates of two alternating different forms, having the same height as
the median suture, one entire, the other reduced to a wedge-shaped demi-plate having the point
directed outward.

P. gigas M'COY, GRIFFITH 1. c. p. 172, pl. XXIV, fig. 4. Test depressed; interradial areas with six
rows of plates, with mamelons arranged regularly in staggered rows. Fig. 4 c showing two
geminate pores with each ambulacral plate is without doubt erroneous.
P. burlingtonensis MEEK AND WORTHEN, Proceedings Acad. nat. sc. Philadelphia, XII, 1860, p.
396. Geological Survey of Illinois, II, 230, fig. on wood 23, and pl. XVI, fig. 3. Fragment with
four or five rows of interradial plates with the largest periphery but only two toward the ends.
The wedge-shaped ambulacral plates reach the interradial area with their pointed ends, but
have their pores noticeably withdrawn toward the middle.
P. gracilis MEEK AND WORTHEN, Proc. Acad. nat. de. Philad. XXI, p. 82. Geol. Surv. Illinois, V,
p. 473, pl. X, fig. 2. Seven rows of interradial plates. Ambulacrals wider than in the preceding
species, otherwise similar.
P. phillipsiae E. FORBES, Memoirs of the geological survey of Great Britain, II, 1, p. 384, pl. XXIX.
Fragment. Ambulacra with demi-plates contiguous to the median suture, the point directed
outward, with half smaller than the entire plates in a way that their pores are drawn back to
near the median suture. Fig. 1 a, giving a different arrangement of the ambulacral plates of the
two sides of the median suture cannot be correct.
P. Konigi M'COY, GRIFFITH 1. c. p. 171, pl. XXIV, f. 1. We know only some interradial plates with
unequal mamelons, irregularly arranged.
Melonites NORWOOD AND OWEN.
Sillimans Journal, 2nd series, II, 1846, p. 225 with fig. on wood. — ENGELMANN, Sillim. Journ. 2nd series, III, 1847,
p. 124. — FERD. RÔMER, Lethaea geognostica. ed. 3, p. 288; Wiegmanns Archiv für Naturgeschichte, I, 1855), p. 312,
pl. XII. — MEEK AND WORTHEN, Geol. Surv. Illinois, II, p. 22'7, fig. 21 and p. 248 fig. 27. — Melechinus QUENSTEDT,
Petrefaktenkuude Deutschlands. Erste Abtheil., III, 381. pl. 75 fig. 44–50.

Test of ellipsoidal form, grooved longitudinally, having wide and very convex interradial areas
and concave ambulacra on both sides of a median crest. Ambulacral plates reduced and small,
arranged in each of the two rows of the ambulacrum, in four or five transverse series (imbricated
adorally and with the suture toward the interradial edge?). Those forming the median suture larger
than the others. The pores placed near the external edge. Interradial areas composed of 7 (to 8?) at
the largest periphery, more than six, four at the top (M. and W.) or two (Römer). The median plates
hexagonal, the latter narrowed for the ambulacra. The peristome, to judge from the drawing given
by MEEK and WORTHEN does not appear to have been compact and defined as that of Echinids,
but rather undetermined as those of Cidarids. Masticatory apparatus with five teeth, marked with
a median suture. Apical system composed of five “genital” pieces and five ocular pieces alternating
with these. The “genital” pieces, none of which is larger than the others, pierced with a variable
number of pores from two to three, three to four, four to five in the same individual, grouped with
some regularity parallel to the external edge of the piece. Ocular pieces nearly quadrilateral, with
two pores according to RÖMER, imperforate or uniform according to MEEK and WORTHEN. —
Mamelons small, dense, imperforate.
M. multipora NORWOOD AND OWEN 1. c. — Carboniferous chalk of St. Louis, North America.
M. dispar (Palaechiuus) G. FISCHER V. WALDHEIM, Bulletin de la Société Imp. des Naturalistes de
Moscou, XXL l8–48, p. 243, pl. III, fig. 4. Fragment showing four rows of interradial plates
and three series of ambulacral plates in each row. — Chalk of the mountain of Gouv.
Moscow, Russia.

Oligoporus MEEK and WORTHEN.
Proc. Acad. nat. Sc. Philad., XII, 1860, p. 474. Geol. Surv. Illinois, II, p. 247.

General form, apical system, mamelons and spines of the preceding genus, from which it
differs by the ambulacra having in each of their two rows, two series of plates, among which we
distinguish demi-plates (irregularly arranged?).
From the lower Carboniferous chalk formation of North America.
0. Danoe (Melonites) MEEK and WORTHEN, Proc. Ac. nat. sc. Philad. XII, 1860, p. 397. Geol.
Surv. Illinois II, p. 249, pl. XVII, f. 8. Large species having nine rows of interradial plates at
the largest periphery.
0. noblis MEEK and WORTHEN, Proc. Ac. n. Sc. Philad. XX, 1868, p. 358. Geol. Surv. Illinois, V,
p. 476, pl. XI, fig. 3. — Five rows of interradial plates in the middle. Among the “genital”
pieces, three have five pores and two have four.
0. Coreyi MEEK and WORTHEN, Proc. Ac. nat. sc. Philad., XXII, p. 34. Species deeply grooved,
with depressed apical. Interradial areas very convex with six rows of plates.
Lepidesthes MEEK and WORTHEN.
Geol. Survev of Illinois, III, p. 522: V, pl. XVI, fig. 2.

Form ellipsoidal (?). Ambulacra very wide, composed of about ten series of small plates,
alternating, imbricated adorally. Narrow interradial areas, only half as wide as the ambulacra, with
six or seven rows of plates imbricated aborallly and laterally. Mamelons very small, equal, like in
Palaechius. Masticatory apparatus recognized.
L. Coreyi MEEK and WORTHEN 1. c. — Lower Carboniferous formation of North America.
Protoechinus AUSTIN.
Geologist, III, 1860, p. 446.

Ambulacra apparently with three series of imbricated plates.
P. anceps AUSTIN. Very imperfect fragment. — Carboniferous chalk of Wexford, England.

C. ARCHAEOCIDARIDAE; M'COY. All the interradial plates have a large primary
mamelon.

Eocidarls DESOR.
Synopsis des Échinides fossiles. 1858, p. 155.

Hexagonal plates with a larger perforated mamelon, with a smooth base without a ring. Spines.
We know only isolated fragments.
E. Keyserlingi GEINITZ, Verstein. d. Zechstein-Gebirges, 1848, 1, p. 16, pl. VII, fig. 1, 2. Dyas, I,
p. 108, pl. XX, fig. 5–9. DESOR, 1. c. pl. XXI, fig. 1.5, 16. — Permian
E. Verneuiliana KING, Mon. Perm. Foss. p. 63, pl. 6, fig. 22, 23, 24. DESOR, 1. c. pl. XXI, fig. 13
14. — Permian.
E. scrobiculata G. and F. SANDBERGER, Verst. Rhein. Schichtensystemis p. 382, pl. XXXV, p. 3.
DESOR, 1. c. fig. 17.
E. brevispina SANDBERGER 1. c. fig. 2. Comp. Archeocidaris Nerei (“V. MUNSTER”), JOH. MÙLLER,
Neue Echinoderm. Eifel, 1. c, p. 262. pl. III fig. 10, 11. — Species different from the others
by its larger secondary mamelons and by its hollow spines.
E. drydenensis VANUXEM, Report third geol. District, p. 184. HALL, Twentieth Report on the
State Cabinet, p. 298. Ambulacra known in the Cidari. ? — Chemung, Upper Devonian of
North America.
Archeocidaris M’COY.
GRIFFITH, Synopsis p. 173 (1844). — Ann. and Mag. Nat. Hist., 2nd series, III, ji. 251. M'COY, Contributions, p. 113.
Syn. Echinocrinus L..AGASSIZ Monog. d'Echinodermes, 2nd volume, p. 15, and Nomenclator zoologicus; mentionné
comme nouveau genre de Crinoidées, comprenant les Cidaris Urei de FLEMG., C. Nerei. C. Protei and C. Priscus of
the COMTE DE MÎÎNSTER. — Palaeocidaris, DESOR, Catalogue raisonné, p. 36.

Group indicated by M’Coy from isolated plates with a large perforated primary mamelon and
surrounded by an elevated circular ring and outside of a smooth space with a crenelated edge. The
following species have been described:
Species of the Carboniferous chalk of Europe.
A. Urei (Cidaris) FLAMG, Brit. Animals, p. 478. M'COY. GRIFFITH 1. c. p. 174, pi. XXVll fig. 1.
Cidaris benburbensis PORTLOCK, Report p. 352, pi. XVI, fig. 10.
A. Munsteriana DE KONINCK, Descript. Au. fossiles Carb. Belge, pl. E, fig. 2. M'COY 1. c. fig. 2.
After DE KONINCK, Bullet., Brux. 2de série, XXVIII, p. 546, these remains should be reported
as Lepidocentrus eifelianus JOH. MÙLLER; according to DESOR, to the genus Eocidaris.
A. triserialis M'COY 1. c. pl. XVI, fig. 1.
A. glabrispina PHILLIPS, Geol. Yorkshire II, p. 208.
A. cetusta PHILLIPS, 1. c. p. 208.
A. Nerei V. MUNSTER, Beitr., I, p. 62, pl. III, fig. 6. DE KONINCK, 1. e. p. 34, p. E. fig. 1. ? JOH.
MÙLLER 1. c. p. 262, pl. III, fig. 10, 11, comp. Eocidaris laevispina SANDBERGER
A. prisca V. MUNSTER, 1. c. p. 63.
A. Konincki DESOR, Synopsis, p. 155, pl. XXI, fig. 7–10.

A. rossica V. BUCH, KARSTENS Archiv, XVI, 1842, p. 523. G. FISCHER V. WALDHEIM,
Oryctographie Gouv. Moscou, p. 149, pl. 28, fig. 3–8. VERNEUIL, Géol. Euss. d'Europe, II,
p. 16, 396, pl. I fig. 2. DESOR, Synopsis, p. 156, pl. XXI, fig. 3–6. Comp. LUDW. SCHULTZE,
1. c, p. 126, pl. XIII, fig. 4. — TRAUTSCHOLD, Bull. Moscou, XLI, 467, pl. IX, 1868; Several
series of interradial plates, imbricated, having the part of their edge that penetrates below the
adjacent plate, a little prolonged, thin and smooth. Mamelon conical and perforated,
surrounded at some distance by a circular ring, rising to the height of the same mamelon, and
a scrobicula wide and smooth with a crenelated edge. Spine length, 5 cm., with a swollen
stalk, bristly with conical points arranged in spirals. Masticatory apparatus very complete,
similar to that of Cidarids. — Upper Carboniferous chalk of Russia.
Species of the lower Carboniferous chalk of Norh America.
A. Agassizi HALL, Geol. Iowa, p. 698, pi. XXA'I, fig. 1. According to MEEK and WORTHEN, the
interradial plates of this species and the two following are imbricated. Proc. Ac. nat. sc. Philad.
XXI, 81.
A. shumardana HALL, 1. c. f. 3. DANA, Man. Geol., p. 312, fig. 534.
A. Wortheni HALL, 1. c. fig. 4. DANA 1. c. fig. 632. Ambulacra as in the genus Cidaris.
A. Keokuk HALL, 1. c. fig. 2.
A. Noncoodi HALL, 1. c. fig. 5.
A. macronata MEEK and WORTHEN, Proc. Ac. n. sc. Phil., XII, 1860, p. 395. Geol. Surv. Illinois,
11, p. 295. pl. 23, fig. 3.
A. aculeatus SHUMARD. Trans. Acad. St.-Louis, 1, 224, 1858.
A. bangulata SHUMARD, 1. c. p. 224.
A. megastylus SHUMARD, l. c. p. 225
A. gracilis NEWBERRY, Report Colorado River of West, III, p. 117, pl. 1, fig. 4.
A. ornata NEWBERRY. 1. c. III, p. 116. pl. I. fig. 2, 3.
A. longispina NEWBERRY. l. c. fig. 1.
A. tenesseae. TROOST. Proc. American Association. Cambridge Meeting, 1850. p. 59.
LEPIDOCIDARIS MEEK and WORTHEN.
Proc. Ac. sc. Philad., XXI, p. 79. — Geol. Survey Illinois, V. p. 478, p1. IX, fig. 15.

Fragment indicating for the entire test diameter probably eleven to twelve centimeters. General
form apparently depressed spheroid. Narrow ambulacra, slightly convex, with weakly imbricated
plates adorally, the entires alternating, irregularly in appearance, with the wedge-shaped. Most of
these have the point directed toward the median suture. Interradial areas very wide, with eight
(nine?) rows or more of plates, hexagonal in the middle, the externals pentagonal, entrenched by
the ambulacra, all imbricated aborally and laterally, but in a way that the adambulacrals are
covered by the next row, which covers the third, etc., up to the median, whose two edges are
covered by the adjacent rows. Each of the interradial plates has a large central mamelon whose top
is formed in a small, perforated prominence (for the reception of the spine), and whose base is
surrounded by a smooth circular depression, edged with granular mamelons, primary spines, 25
mm or less in length, cylindrical, slender, very finely striated, articular end perforated and swollen
until it nearly forms a distinct ring. — Masticatory apparatus with five teeth marked by a wide
longitudinally groove.

L. squamosus (Eucidaris) MEEK and WORTHEN l. c. — Lower Carboniferous chalk of Burlington,
North America.

Lepidechinus HALL.
Twentieth annual Report of the Regents of the University of New-York etc., Albany. 1868, p. 295. — MEEK and
WORTHEN. Geol. Surv. Illinois. II, 294.

Narrow ambulacra with two rows of entire plates, imbricated adorally. Interradial areas very
wide, of nine to eleven rows of hexagonal plates, imbricated aborally and laterally on both sides
of the unpaired and ambiguous median row. the adambulacral plates being smaller than the others.
Peristome small. Apical system pentagonal, of several ornamented pieces. The madreporite is
inside one of its corners in recent Echinoidea. There are traces of six (?) plates “arranged in a
circle, exactly as in the ovarian pyramid of Agelacrinites”. On the dorsal surface of the test, the
primary mamelons of the adambulacral interradial plates are small, those of the adjacent range
larger, alternating, those of the median range stronger. On the ventral surface, there are only
adambulacral plates as in Perischodomus. Teeth unknown.
L. rarispinus Hall. 1. c. pl. IX, fig. Upper Devonian sandstone of Chemung, North America.
L. imbricatus HALL, ib. — Scarcely different from the preceding species. Chalk of Burlington,
Carboniferous terrain. Interior of North America.

Xenocidaris LUDW. SCHULTZE.
Monographie der Echinodermen des Eifler Kalkes, Denkschriften d. Akad. d. Wiss. Wien, XXVI.

Spines found isolated, club shaped, top truncated, bristling with points and tubercles, base
concave, perforated in the center.
X. clacigera L. SCHULTZE 1. c., p. 126, pl. XIII f. 3, b.
X. cylindrica L. SCHULTZE 1. c, fig.3, c. Comp Palaeocidaris rhenanus QUENSTEDT, 1. c. III, 377,
pl. 75. fig. 30–37.
__________

In the Paleozoic Echinoidea, nothing indicates an affinity with the edentate Echinoidea whose
appearance will only be later in the Secondary period, nor with the Clypeastrids of the Tertiary
and modern times. Nowhere do with find the elongated form of the first or the flattened form of
the second. It is rather with the Echinids and Cidarids that they are connected by their globular test
with the anal opening opposite the peristome, and by the existence, indicated in several of them,
of a masticatory apparatus rather similar to that of Cidarids. The Archeocidarids even have, in the
form of their mamelons, evident similarities with the latter, and in one of their genera,
Lepidocidaris, we note ambulacra that alternate entire plates and demi-plates rather similar to that
we see in the Echinids. But it would be vain to expect, in regard to Lepidocentrids and Palechinids,
much further away from the known types, to find in the descriptions and in the figures, always

made after rather incomplete fragments, results on their own ambulacra compare to those of other
Echinoidea. Thus, it is impossible to know if the asymmetry prevailing everywhere, existed
already in these ancient Urchins, especially as we encounter in some of these a conformation of
these parts apparently completely particular. It is not only that in Pholidocidaris irregularis M. and
W. Melonites multiporus NORW. and OWEN, Lepidesthes coreyi M. and W., Lépidocidaris
squamosus M. and W., the very small ambulacral plates are arranged in transverse and imbricated
series adorally as in Asthenostona GRUBE and Echinothuria WOODWALD, or even still, laterally,
as in Melonites, and that the ambulacra are so widened in Lepidesthes, that they even surpass twice
the interradial areas. We note again that, although in Echinids and Cidarids, the reduced, wedgeshaped plates and demi-plates remain intact at the part that ends them on the side of the interradial
area so that at the suture they alternate in equal parts with the entire plates and that, consequently,
their pointed ends are found directed toward the median suture, which is formed exclusively of
entire plates. A contrary disposition appears to have occurred in some Palechinids. Thus, according
to the figures given by MEEK and WORTHEN of their Palaechinus burlingtonensis and P. gracilis,
all the plates, entire and reduced, have the same height at the median suture, while on both sides
of it, they end in a point toward the lateral suture, which consequently is formed by entire plates
alone. Judging from the drawing by EDWARD FORBES, the same fact is seen in a still more obvious
way in Palaechinus Phillipsiae, the demi-plates being half the width of the entire plates so that
their pores or found drawn back nearly to the median suture, a structure that is seen also in
Protoechinus anceps AUSTIN. The same disposition has been observed in Oligoporus Danae MEEK
and WORTHEN, only the demi-plates seem to be much fewer in number than the entire plates.
Finally, when, as in Melonites multipora NORW. and OW., the ambulacral plates are imbricated
both adorally and transversely, it is from the median suture toward the lateral suture that they
overlap. It is a conformation that leads to supposing that these Echinoidea from the oldest
geological times had a very special mode of growth that merits careful study.

B. INTERRADIAL AREAS.
Perisomatic system. Normal form of plates. Its asymmetry in relation to an anterio-posteior axis in the Echinids
and Echinoeids. Its mode of growth in Clypeastrids, heteronomy of the lateral area 1 in Ananchytids and the
Spatangids. Its symmetrical disposition in Cassidulids, Collyritids, Ananchytids and Spatangids. Progressive
differentiation of the unpaired area of edentate Echinoidea. Traces of a scaly structure in Spatangids.

The five regions of the integumentary skeleton that we designate by the names interradial areas,
interradii or interambulacral areas are the five parts of the general covering or test. They are free
in the space between the ambulacra. By their functions, mode of growth and movement of their
constituent elements, they differ fundamentally from them. They alone constitute a particular
system, the perisomatic system.

1. Echinoidea with teeth.
According to the present state of our knowledge, it once appeared certain that all the
Echinoidea that have lived since the Secondary period until now, would have had, in each
interradial area, only two rows of plates. A newly discovered species invalidated this, in an
unexpected way, the rule considered general. This Tetracidaris reynesi COTTEAU, fossil of the

Cretaceous of the Department of Basses-Alpes162. True Cidarid in all other regards, and placed
naturally beside Diplocidaris DESOR, this remarkable genus presents in the middle of a purely
Mesozoic fauna, the essential character of Paleozoic Echinoidea in having in each of its interradial
areas, four rows of plates that are abruptly reduced to two at the top. The plates of the median
double row are hexagonal, those of the adambulacrals, pentagonal, being entrenched at their
external edge in a way to adapt to the reception of the ambulacra, whose forms in this contact end
here as everywhere, those of the interradial plates. However, examination of the known results
acquired on these same parts in Paleozoic Echinoidea tend to demonstrate that, in them also, every
time the interradial plates are not transformed into imbricated scales, those of the median rows
always retain the unaltered hexagonal form. As a result of a modification brought about by the
fixation of the ambulacra, the adambulacral plates approach more or less the pentagonal form. It
is the case in the genera Palechinus, Melonites, Oligoporus, Eocidaris, Archeocidaris,
Lepidocidaris, and Lepidechinus. We are thus led to conclude that it is the hexagonal form, and
not the pentagonal form, that should be considered as the normal form of the interradial plates.
In the Echinids, the interradial areas that are all standard, enter into the composition of the
peristome with two plates of which one is large and the other small, in the direction of the length
of the area, but whose relations are generally accessible to observation only in very young
individuals. Toxopneustes droebachenis (O.F.M.), when it is approximately only four mm163 in
diameter, shows this disposition. As a result, it is found that the smallest peristomal plate, and the
largest last two formed near the genital piece belong to rows 1 a, 2 a, 3 a, 4 a, 5 a, but the larger
peristomal plate and the smallest near the genital piece belong to rows 1 b, 2 b, 3 a, 4 b, 5 b. It is
still the order that we find in Salenia164, and that appears to dominate in all the groups of Echinids.
It is always interradius 3, the anterior of the left side of the animal, in which the position of the
plates is changed. It is easily recognized that a parallel disposition is symmetrical on the two sides
of a line passing through ambulacrum I and interradius 3, the same that constitutes the longitudinal
axis of Echinometra and is the vertical plane of which is found in this genus the curve of the
bending of the test. It is also in this same line that is placed the anal opening when it is eccentric
and where is found the longest diameter of the periproct, that has become elliptical in the adult
animal.
Further research will have to decide how the interradial plates of Cidarids are arranged. It
appears there is a kind of scaling on the interior surface of the plates that constitutes the temporary
limit of the corona,. As a result, interradial platelets of the buccal membrane are produced165. In
regard to the Echinoconids, the few specimens accessible for observation and their state of
preservations have left too much doubt to permit tracing with certainty the disposition of the
elements of their interradial areas166.
The Clypeastrids differ from other Echinoidea in that their interradial areas are pierced by
tentacular pores. All five of them are similar in their form and the relative dimensions of their
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elements have a perfect correspondence. Thus, in Echinocyamus167 and Laganum168, all the
interradial areas end near the apical system in single large and triangular unperforated plates, while
in the genera Clypeaster, Encope, Mellita, Echinarachnius, and Arachnoïdes169, the younger plates
everywhere become smaller and smaller and the uppers, always arranged in pairs, often surround
the genital pores that are no longer found in the apical system170. As we just saw, the interradii
undergo such pressure from the gradual widening of the ambulacra that their rows are very often
cut in two. In this regard, as in the others, the two frontals, 2 and 3, are generally symmetrical, as
are the two laterals, 1 and 4, and the unpaired has only slight modifications. It is the same with
respect to the successive increase of number of their plates. Very young Mellita hexapora 171, 6.5
mm in length, show in all their interradial areas, nine to ten plates. The adult, 85 mm, thirteen or
perhaps twelve because it is almost impossible to be sure if the plate through which the periphery
passes is divided in two by a suture or not. Likewise, in very young Echinarachnius parma172, of
six and a half mm in length, we count in the paired interradial areas eleven pairs of plates and nine
in the unpaired, and, in the adult, in the first, fifteen to sixteen, in the last, fourteen. The
inconsiderable modifications in form that always occur in the unpaired interradial area are
determined by the position, in its interior, of the rectum of the alimentary canal It is to this
disposition that must be attributed the circumstance, in the majority of genera, this interradius
resists to a higher degree than the others, the pressure exerted by the plates of the ambulacral series
I a and V b. The periproct, produced by erosion at the contiguous edges of two or four of its plates,
or even in part at the edges of ambulacral plates of I a and V b when they cut the area in two, as in
Encope valenciennesi AG.173, remains nearly in place in relation to the surrounding plates, although
its form and relative size are modified during growth. In the very young Mellita hexapora GM.174,
it is comparatively much larger than in the adult and with a rounded contour. It is then surrounded
anteriorly by a very thin part of plate 2, that disappears little by little so that finally it is plate I that
constitutes the adoral limit of its opening that is now oval. In this species, as in the genus Encope175,
the unpaired interradial area is still distinguished from the others, in a very remarkable way, by the
presence of an opening or lunule. This solution of continuity is produced very early in Mellita. All
the other openings that are found in the ambulacra come later. That of the unpaired interradius is
nearly circular in the very young individual, oval in the adult. It changes position during growth
so that in the first, it is edged by the ventral plates 2 and 3 and by the dorsal plates 5. 6 or 7, while
in the adult individual it is surrounded on the ventral surface with the same plates 2 and 3, but the
dorsal surface of the plates 6, 7, and 8 seeing that the dorsal plates gradually approach the edge
and there even become partly ventral.
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2. Edentate Echinoidea
The interradial areas of Echinoneus176 have a great resemblance with those of Echinids as to
the form of the plates and their mutual proportions, the same way as the unpaired 5, apart from the
periproct, is a conformation completely identical to that of the paired interradial aeas. They have
however, in regard to the peristomal plates, a remarkable disparity that well merits being examined
in young individuals as well as other peculiarities of organization of Echinodea, its oblique
peristome, its gills, etc. It is that interradii 1, 3, and 5 enter the peristome with a single plate, the
interradials 2 and 4 with two. Reducing by thought the oblique peristome into a circle, we see this
arrangement is still symmetrical in relation to the line traversing ambulacrum I and interradius 3,
the same that emerges from the arrangement of the same parts in the Echinids. In Echinoneus it is
cut transversally by the largest diameter of the elongated peristome in the direction of the
interradial areas 2 and 4 and having its deepest indentation vis a vis ambulacrum I and not in the
unpaired interradius. But the longitudinal axis of the body and the curve of its bending coincides
here with the anterio-posterior axis passing through ambulacrum III and the interradial area 5.
All the other edentate Echinoidea, with an obviously elongated test in the direction of the
anterio-posterior axis, with the dorsal surface more or less convex, the ventral surface flat, and
having some of the first ambulacral plates of the buccal region with large geminate pores and long
and powerful tentacles, having only a single peristomal plate in each of their five interradial areas.
By a first division, we separate from the others the Cassidulids177, characterized by their phyllodes
and by the alternation, with the buccal region, of entire ambulacral plates and demi-plates, recalling
a little those of Echinids, Echinoconids and Echinoneids. When we compare the Collyritids178, we
think at first glance to see a very distant type, so we are led to give importance to a singular
character that, in the latter, derives from the extraordinary development of the part of the perisome
interposed between the bivium and the trivium, and whose plates, instead of becoming smaller and
smaller toward the top, maintain nearly the same width in a way to separate into two parts the
apical system and to relegate behind the bivium with the two ocular pieces. But if we look closer
at their spread-out skeletons, we are not slow to recognize that this considerable modification of
the dorso-central system has not been followed with corresponding changes in the rest of the body,
and that there exists between these two groups, Cassidulids and Collyritids, in the totality of the
conformation, a certain resemblance and a more intimate affinity than that which unites the other
edentate Echinoidea. Simple and uneven forms of their ambulacra as well as their interradial areas,
the petals with indistinct contours, the little variation in form and size in the elements of the
interradial areas, of which the unpaired, except for the periproct, have only slight modifications.
All these circumstances appear to recall again, to a certain degree, the simplicity of the
Echinoneids, originating like them from the first times of the Secondary period. They contrast, on
the other hand, with the great variability of the same parts in the Spatangids that have existed, as
far as we know, only since the Cretaceous period but that dominate among the edentate Echinoidea
in the present world.
But when we approach the Spatangids by the Ananchytids, we see introduced in the perisome
a constant modification all the more remarkable in that it involves a structural trait everywhere
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else free from variability. It is in one of the interradial areas, that of the right side, 1, that this
modification occurs as a result of which the bilateral conformity of the perisome is disturbed by a
particular disposition of some of its elements, different from one side to the other. It is the
heteronomy of the lateral areas characteristic of these two groups. In the interradial area of
Ananchytes sulcata GOLD.179, we see, after the small and single peristomal plate 1, a single plate
2+2, representing the two plates 2 of rows a and b of the left interadial area 4, which thus must be
considered as being composed of plates I a 2 and I b 2 fused together. In examining the same parts
of Holaster scanensis COITAU180 , we find the same conformation in them, the peristomal plate of
interradial area 1 being followed by a single plate belonging at the same time the two rows a and
b, and composed consequently, of two plates 1 a 2 and 1 b 2. In Ananchytes, we note further, in
the corresponding interradial area 4, plate 2 a, separated from peristomal 1 by the interposition of
plate b 2. It is an anomaly that does not lack analogy among the prymnadetid Spatangids.
The group of which these two genera can be regarded as typical, made its appearance in the
Cretaceous formation and extended into the Eocene beds where LAURE181 has again found his
Oolaster, genus identical perhaps with Ananchytes. In the Spatangids that have continued into the
present world, this partial diversity of the right lateral interradial area becomes more and more
evident and is regularized gradually. It has been noted already that except the Adetids that lack
fascioles, we recognize among the Spatangids two other well characterized groups, one lacking
the infra-anal fascioles, the Prymnadetids, the other with this fasciole, the Prymnodesmians.
Although united in appearance by a negative character only, the prymnadetid genera are bound
together by other positive relations of obvious value. Less rich in species than the Prymnodesmians
in present seas, at least in the regions accessible until now but more numerous than them in
Cretaeous terrains and perhaps also in the great oceanic depths of our world, having very often the
madreporite separated from the unpaired interradial area because of the reciprocal coming together
of the genital and ocular plates, or at least the latter, and having some irregularity in the
arrangement of the plates of the bivium in relation to the unpaired interradius, these Spatangids,
while showing an obvious tendency toward a constant disposition of plate 2 of the lateral interradii
1 and 4, still have only this tendency in a vague and inconstant manner. The very seat of
heteronomy is variable.
It is Palaeostoma mirabile (GRAY)182, exceptional form in several respects that presents the
most singular deviation. While in the other living Spatangids, in all the interradii, the peristomal
plate 1 is followed by a pair of plates, I a 2 of row a and I a 2 of row b, this genus is extraordinary
in that the second plate is simple and single, i.e., the two are merged into one alone and those in
the frontal interradii no less than in the lateral interradii. Consequently, what constitutes here the
heterogony of interradius ff1 is that the plate thus becomes binary, a2+b2, includes in addition
plate b 3, the corresponding a 3 of interradius 4 remains free. This is the only example observed
until now of plate b 3 merging with b 2.
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This fusion of plates 1 a 2 and 1 b 2 is repeated in Faorina chinensis GRAY183 and Desoria
australis GRAY184 but only in interradius 1, these same plates being separated in all the others. This
is the arrangement already seen in Ananchytides. In Desoria, plate 4 b 2 is, in addition, placed out
of contact with the peristome by the interposition of 4 a 2 in a similar way mutatis mutandis, to
what occurs in Ananchytes. It is thus according to the type of this extinct group that occurs in the
two living prymnaditids heteronomy of the right side. In the five other genera of present seas,
Hemiaster185, Abatus186, Agassizia187, and Schizaster188. Moira returns to the common rule,
according to which it is plates 1 a 2 and 1 a 3 that merge together to make one. It is the normal
heterogony. In the Adetids189 group, we see it developed in Echinospatagus.
The pyranodesmian Spatangids190, in which the genus Micraster is, according to our present
knowledge, the only one that already lived in the Cretaceous period, are the modern Spatangids
par excellence, since they have developed more and more since the beginning of the Tertiary period
up to now. In all, also, hetetrogony of interradius 1 is determined by the fusion of plates 1 a 2 and
1 a 3 into one that nearly always, and invariably in recent genera, takes the form 4 b 1 and 4 b 2
taken together. If this plate, thus becoming binary, does not present, in many cases, a size that
appears to support the idea of a fusion, some other plates of the same row come to fill this gap up
to a certain point, by giving themselves a somewhat greater size. In some cases, it is Plate 1 that
we see in Hemiaster191 and in Micraster192, but most often it is one or several of the following
plates, 4193, or 4 and 5194, 4, 5 and 6195, or even a more distant, 8196, that supplies this filling.
Such is the disparity in conformation that is seen in the interradial area 1, the right lateral,
relative to the corresponding is on the left side in Ananchytids and the Spatangids. Encountered
without exception in most of the genera, it should be found in all. It is evident that it is not
interradial area 4 that has one plate more but that interradial area 1 has one less, apparently the
result of fusion of two normally distinct plates. Some vital act, whose nature we can only guess at
the moment, very early deviated its regular course of formation of the plates of the peristome in a
circumscribed space not far from the area where later will be found the stroma, on the form of
which it has however has no influence. It is in the direction of this same interradial area 1 that is
found the line ɑω in relation to which the ambulacra are arranged in a certain symmetrical manner.
When, one day, as a result of subsequent, deeper studies on the development of Echinoidea, we
shall know if this line indicates the heterologous position that the Urchin, still enclosed in the
interior of the larva, relative to this one, then also we will recognize perhaps if its disparate
conformation of some plates of the right side of the perisome should not have some relation to the
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vital act by which, before having ended its larval stage, the Urchin retains in the interior of its body
a part of the viscera of its pluteus.
Of the different systems that compose the skeleton of the Echinoidea, the perisome is that
which essentially determines the general form. It has been noted, in regard to the Echinoidea, as
far as we can judge to what takes place in Toxopneustes and Salinia, their interradial areas are
arranged to be symmetrical on two sides of a line passing through ambulacrum I and interradial
area 3 and, in fact, if the corresponding peristomal plate are joined by straight lines, we have two
standard and similar pentagons inscribed in the stoma, forming together a symmetrical figure in
relation to the line in question, as the figure formed by the two pentagons of the ambulacra is
relative to the line ɑω. Shared, at the same time, in an equal and uniform manner, between the
intervals of the ambulacra, the five areas combine to form a circular ensemble according to this
line. But, of all the genera of the Echinoidea, there is only one, Echinometra, in which this line at
the same time becomes the longitudinal axis, If, similarly, in the twisted peristome of
Echinoneus197, we join the straight lines, first the three single plates and the two small paired plates,
then the three single plates and the two larger of these latter, we have two pentagons having in
common the base 1–5 and the corners opposite to those coinciding in area 3, as a result placed in
relation to the same line passing from ambulacrum I to interradius 3. But here the interradial areas,
although arranged according to the line in relation to the alternation of their elements, determine
by a slight inequality, the elongation of the test, not in the direction of I and 3, but of III and 5, i.e.,
in that of the anterio-posterior axis indicated by placement of the mouth and the anal opening. It
is all otherwise in the Clypeastrids and, with the exception of Echinoneids, in all edentate
Echinoidea. Everywhere, in these, each of the interradial areas enters the peristome with a single
plate and, disregarding the heteronomy of Ananchytids and Spatangids, their elements are arranged
in a way to make symmetrical the two sides of the anterio-posterior axis, which becomes again the
longitudinal axis of the body. It is there the bilateral symmetry comes to be established in the
general conformation of edentate Echinoidea as a constant coincidence of the axis of the interradial
areas of the anterio-posteior axis and the longitudinal axis of the body, in a single median line.
Evident in all their genera, the symmetry is combined, in the ancient types, with a certain
uniformity of constituent elements, recalling the regular Echinoidea, while in others, and
particularly in modern types, it is found established by means of elements often very disparate. It
is the morphological work of the interradial system, that results in this symmetry. Operating on
the number, form, and relative size of the plates does not occur in a uniform manner in all the parts
at the same time. On the contrary, we can see that it acts with more or less force in the posterior
parts whose growth is also stronger, and that it makes itself felt most on the ventral surface of the
body that it modifies the elements more profoundly than elsewhere. Thus, the conformity of the
frontal areas, 2 and 3, of the two sides of the unpaired ambulacrum, is found perfectly established
everywhere. Their interior rows 2 b and 3 a, and the exterior 2 a and 3 b, symmetrizing together,
but by the simple forms. The lateral areas 1 and 4, which in separating the bivium from the trivium,
form the sides of the body have a marked tendency to correspond more and more by their rows 1
a and 4 b, 1 b and 4 a, but in developing forms mor or less irregular and disparate. Area 5, unpaired,
enclosed by the bivium and constituting with ambulacrum III the middle part of the body, in
obeying the common law, is differentiated in a more and more pronounced way.
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If thus we first examine, in the various groups, the conformation of the paired interradial areas,
we find that in the most ancient types, such as Collyritids198 and Ananchytids199, the plates have a
very marked resemblance so those of the buccal region do not generally surpass the others and are
not very notably different from them even in form. In Cassidulus200, recent genus of a group from
the Jurassic period that has survived until now, a perfect symmetry is found joined to a remarkable
uniformity of the plates, but the ventrals are of a size that contrasts obviously with the shortened
form of those of the sides, and the dorsals are scarcely elongated. The same observation occurs
when we follow in the Spatangids the series of transformations experienced by these same parts.
Among the Prymnadetids, Hemiaster201, Cretaceous genus by preference, stands out by some
conformity of its large and few plates, of which the buccal region is even smaller than those of its
sides. It is the same in Palaeostoma202. In Faorina203, whose test is globose like those of these two
genera, the plates forming the sides are rather large and few in number, plate 2 remains clearly
smaller than 3 in areas 1 and 4. It exceeds it slightly in rows 2 b and 3 a of the frontals and it is
only in rows 2 a and 3 b that it obviously surpasses it. Moreover, this same plate 2, in rows 1 a and
4 b of Faorina as in those of Hemiaster expergitus n. and H. Fourneli DESH., is a very irregular
form approaching the rectangle, also found in Echinospatagus. And when, from these living genera
that are connected more or less to extinct forms, we pass to the genera Desoria204, Agassizia205,
Schizaster206, Abatus207, we can only recognize a certain tendency toward a particular
conformation of the ventral plate different from that of the following plates. But this tendency is
still little marked, and it is only in the genus Abatus that it reaches a disposition of these plates
similar to that which should be considered normal in recent types. It is in the Pryrnnodesmians that
we see this conformation carried to its highest degree of development by the often very
considerable extent of plate 2, especially in areas 1 and 4, and by its more or less perfect form
triangular form. But here, as in the group of Prymnadetes, this particular conformation is not seen
in the old types. It is not found in Micraster208 from the Cretaceous period. On the contrary, we
only note in it an arrangement of elements of these parts similar to that described above in
Echinospatagus, Hémiaster, Paléostoma and Faorina and recalling even that observed in
Ananchytids. It is the same smallness, the same sub-rectangular form with a wide adoral edge of
plate 2 of 1 a and 4 b. The plates of the sides and the back are nearly uniform, characteristic of the
latter. We recognize nearly the same traits in Palaeotropus209, which connects to ancient types by
its general ovoid form and its apetalous ambulacra nearly flush with the test. Among the living
forms we believe we see a similar disposition but exaggerated in Brissus210, whose plate 2 of 1 a
and 4 b are largely truncated at its adoral edge and far from the peristome as is found in Desoria.
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But with Meoma211, with its incomplete infra-anal fasciole, is only half prymnodesmian, we pass
to the series of well characterized genera of this group, to Brissopsis212, Spatangus213, Kleinia214,
Echinocardium215, Plagionotus216, Eupatagus, Breynia217, Maretia218, Lovenia219, we see the
bilateral symmetry of two pairs of interradial areas constated with a greater regularity and larger
and larger. Plates 2 of the four areas approach the nearly perfect triangular form in rows 1 a and 4
b, 2 b and 3 a, but remain truncated adorally in rows 1 b and 4 a, 2 a and 3 b. These are the 2 of 1
a and 4 b that, in having the most perfectly triangular form, touch the peristomal 1 by a pointed or
slightly truncated corner, in taking at the same time an often considerable development, witness
the genera Plagionotus, Breynia, Maretia, Lovenia, Eupatagus, and Spatangus and contrasting
greatly with the plates of the sides that have become very shortened because of the width, in a
manner that nearly disguises the heteronomy of row 1 a. In most genera, the extent of plate 2
increases from 2 b to 1 a and from 3 a to 4 b. It is only in Brissopsis and Kleinia that those of 1 a
and 4 b is smaller than that of 1 b and 4 a, and like what is seen in Echinocardium, that of 2 a and
3 b surpassing a little those of 1 b and 4 a.
In thus examining in the various genera, the bilateral symmetry of the elements constituting
the interradial area pairs, we recognize still other relations of conformity, less apparent but real,
that exist between the two areas of the same side of the body, i.e., between 1 and 2, between 3 and
4 of the two sides of the ambulacral pairs of the trivium, II and IV220. Here are the two external
rows and the two internal rows that tend to be symmetrical together, 1 a with 2 b, l b with 2 a on
the right side, 3 a with 4 b, 3 b with 4 a on the left side. In taking the genus Kleinia as the more
regularly developed type in Spatangids, we see this special one-sided symmetry realized in a very
clear way. The triangular peristomals 1, 1 and 2, 1 as well as 3, 1 and 4, 1 being elongated into a
point in opposite directions, 1, 1 and 4, 1 backward toward l a 2 and 4 b 2, 2, 1 and 3, 1 toward the
front, i.e., toward 2 b 2 and 3 a 2; 1 b 2 and 2 a 2, the same as 4 a 2 and 3 b 2, are largely truncated
adorallly and each of them occupies on its adoral edge all the aboral base of the peristomal 1 a
2+3 and 2 b 2 the same as 4 b 2 and 3 a 2 are triangular and their pointed corners do not touch the
posterior corners of the peristome. But this symmetry, so clearly established in this genus, when
we follow it in a series of Prymnodesmians, going back to genera with very enlarged ventral plates,
or descending toward the group of Prymnadetids, weakens by degrees until its complete loss and
even until replaced by contrary conformation. Lovenia221 and Brissopsis222 have it almost
unaltered. The peristomals 1 and 2, 3 and 4 still have the positions and symmetrical forms, but we
see than in 2 b 2 and 3 a 2 a truncation of the adoral corner is already introduced. The edge of the
fusion thus formed between these plates and their peristomals are extended more and more in the
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genera Eupatangus, Breynia223, Maretia224, and Echinocardium225, to become in Plagionotous as
long as the edge joining 2 a 2 to 2 a 1 and 3 b 2 to 3 b 1 and even longer, as in Spatangus226,
Meoma227, Palaeotropus228, Brissus229, and Micraster230. The latter, although having an infra-anal
fasciole and the ancient character of the closed apical system of the Prymnadeans of the chalk, has
also very distinctly a trait of conformation scarcely indicated in some Prymnodesmians but very
manifest in the Prymnadetes, that of having the edge of the fusion between 4 b 2 and 4 b 1 of the
left side obviously more extended that that which joins 1 a 2+3 to 1 a 1 of the right side. It is in
living Prymnodesmians we can see that the truncation of the adoral end of plates 2 of 2 b and of 3
a, is, in some cases, like that of Breynia and Spatangus accompanied by a corresponding
truncation, but a little less in plates 2 of 1 a and 4 b, which is also a little less on the left side than
the right side. Now, if by Schizaster231, which still belongs in this respect to the Prymnodesmians,
we pass to the genera Abatus232, Agassizia233, Faorina234, Paloeostoma235 and Hemiastcr236, this
character is seen more and more developed, and especially the edge of the fusion between the two
plates along the left side than the right side. In this, as in other points, there are two Cretaceous
types of the two groups, Micraster and Hemiaster, that most resemble each other.
The unpaired interradial area, scarcely different from others in Echinoneus237, is modified
gradually in the ancient genera to modify itself even more strongly than in the paired areas. In the
Collyrites238, its peristomal plate is very small, smaller even that those of areas 1 and 4, and
extended obliquely into its posterior part, and ventral plates 3 and 4 are scarcely larger than the
rest. Ananchytes239 has a nearly rectangular unpaired peristomal larger than those of the paired
areas, and the ventral plates are nearly equal to the others. In Holaster240, the peristome of the
unpaired differs greatly from the others by its regularly transverse form, surpassing them in width,
and the two pairs of plates 2 and 3 are the largest of the peristome. Finally, in Cassidulus241, the
unpaired area has a peristomal conforming to the others, equally in size to 2 and 3 and conforming
to the rule those of 1 and 4 and its plates 2, 3, and 4 form with those of the paired areas an oval
circum-oval region of considerably enlarged plates. In these three groups we note, in the plates in
general, a tendency more or less distinct, toward the hexagonal form. Everywhere also the ventral
223

PI. XLI, fig. 228.
PI. XLII, fig. 229.
225
PI. XXXIX, fig. 222.
226
PI. XXXVI, fig. 208.
227
PI. XXXV, fig. 205.
228
PI. XXXII, fig. 200.
229
PI. XXXIV, fig. 202.
230
PI. XXXIII, fig. 201.
231
PI. XXXI, fig. 194.
232
PI. XXIX, fig. 188.
233
Pl. XXX, fig. 191.
234
PI. XXVII, fig. 186.
235
PL XXXII. fig. 197.
236
PI. XXVI, fig. 185.
237
PI. IX, fig. 83.
238
PI. VI, fig. 55-180; pl. XXIIl, fig. 180.
239
PI. V, fig. 51; pl.XXIV, fig. 181. 9
240
PI. V, fig. 54; pi. XXV, fig. 182.
241
PI. VII, fig. 07; pi. XXII, fig. 179.
224

plates of the unpaired area has this peculiarity that the left plate, that of row a, is placed more
behind than the right, that of row b, which is reproduced less and less after 2 up to the periproct
and even beyond. In the Collyries242 and Cassidulus243, a 2 still remains in contact with the
peristomal, but in Ananchytes244 and Holaster245, b 2 alone touches 1 in pushing back a 2, which
is very marked in Holiaster and Cariaster, and with the final result of a remarkable disposition of
these parts that we know in Hemipneustes radiatus (GM.). It is that the aboral edge of b 2 is cut
obliquely to make room for 2 a, whose adoral edge equally cut obliquely forms a triangular corner
with its aboral corner. This figure is repeated in a certain number of the following pairs and when,
as in Hemipneustes, the plates thus become wedge-shaped are so extended transversely that their
points reach the edge of the opposite ambulacrum. They become completely alternating in a way
that their sutures represent a zig-zag line from one side to the other. This particular arrangement
of the constituent elements in which we can only recognize a special tendency toward the
formation of a distinct plastron, is found in fact, limited to the sternal portion, being followed
posteriorly by a long double row of ventral sub-hexagonal plates, of which those of the left side
are everywhere slightly pushed backward. But this mode of conformation is not of long duration.
Taken to its highest degree of development of a group of some genera extinct for a long time, those
of the Anachytids, of which it is one of the most conspicuous characters, it is found only weakly
represented in the present world by the Cassidulids, whose sternal region is moreover very distinct
from the rest of the body, differs only very little by the disposition, the number and form of its
elements, from the corresponding parts of the paired areas.
However, the chalk period had already brought in the Spatangids other modifications of the
unpaired interradial area, up until then unusual, in Echinoidea, modifications all the more
important because they were to ultimately lead to the division of this area into parts essentially
dissimilar and up to a certain point even having different functions. The peristomal plate,
transformed into a lip, is adapted for the function of feeding — instead of a plastron composed,
like the rest of the perisome, of a certain number of plates united by sutures, a true sternum is made
in the form of a shield, functioning as a solid bottom, and having spines formed like oars and
functioning in locomotion. — Finally, the episternum came to be formed, supporting the posterior
part of the body and preceding the double row of ventral and dorsal plates. It is the mode of
conformation that has prevailed and has been perfected more and more in course of geological
time. It is long however that this structure developed in ancient genera of the Cretaceous period
or, in general, in Adetids and Prymnadetids. On the contrary, even as these in the typical present
conformation of the paired areas is found only imperfectly indicated, their unpaired area has only
the two parts, the lip and the sternum, followed immediately by two nearly continuous rows of
ventral and dorsal plates.
The perisomal plate, 1, destined to function as an immobile lip, a spoon-shaped labrum, by
which the animal moving in the superficial layer of the bottom ingests the mud rich in organic
substances that serves it as nourishment, is still very little adapted for this usage in
Echinospatangus246, Heteraster, Hemiaster247, Micraster248. It is hardly suited for this except it
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takes an arched form, convex, with a projected adoral edge extended into lateral lobes that we
know in Abatus249, Schizaster250, Meoma251 and the rest of the living genera. Its length varies also
considerably. It is very short in Brissus252, having a sternal length of only 0.015, and measuring
by its lateral edge only a small part of plates 1 of the ambulacral rows I a and V b. In Agassizia253,
Echinocardium254, Schizaster255, Desoria256 and Plagionotus257, it is a little longer, equaling at most
the first adjacent ambulacral plate and being 0.1 the length of the sternum. In the genera Meoma258,
Spatangus259, Brissopsis260, Kleinia261 and Palaeotropus262, it reaches 0.2 of the length of the
sternum. In Abatus, 0.25, equaling, at most, the adjacent ambulacral plates. In Hemiaster263 and
Faorina264, it is about 0.4 the length of the sternum in 1 1/2 to 2 1/2 adjacent ambulacral plates. In
Breynia265, Eupatagus, Micraster266 and Palaeostoma267, it reaches about 0.5 of the sternum length,
in 2 1/4 to 2 1/2 adjacent ambulacral plates. Finally, In Maritia268 and Lovenia269, it equals the
sternum in length, and by its edges, the first three of the bivium.
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In Echinospatagus, adetid genus, intermediate
in some respects between the Jurassic and
Cretaceous Spatangids on one side and those of
Tertiary and recent times on the other, the normal
heteronomy of area 1 has been found combined
with a conformation of the unpaired area recalling
the Collyritids. The lip, although proportionally
larger than that of the latter270, in having however
the very narrow peristomal and the aboral
extended obliquely and nearly pointing toward
the left side of the animal in a way to offer a very
extended contact to plate b 2 but, to plate a 2, a
very reduced contact, and to eliminate
consequently in large part the latter. It is there the
same obliquity that is shown in plates 2 and
following in Ananchytids. But here, in Echinospatangus ricordeanus COTTEAU. Ventral
Echinospatagus, the peristomal is followed by a region.
true sternum, constituted of the two plates 2, the
larger as in the rule, of the entire perisome, but of different forms, that of b being nearly
rectangular, the other triangular. a 2 is, moreover, pushed backwards, as are also the following
plates of the same row relative to those of row b. It is still very far from the regular and symmetrical
conformation of these same parts that we see in modern Spatangids.
It is nearly the same with the Prymnadetids, whose sternum has still very often this vague
conformation that is noted in nearly all parts of their skeleton. Its relative dimensions vary greatly.
It is little extended in Palaeostoma271, its posterior corner corresponding on the right side, nearly
to the aboral edge of plate 3 of I a but on the left side, at the internal corner of plate 4 of V b. In
Echinospatangus ricordessus Coteau. Ventral
the young individual of Hemiaster experigitus272, it slightly
exceeds plate 4 of I a, and equally the
region
five first plates of V b, while in Hemiaster Fourneli DESH., it reaches the middle of 6 of I a and of
7 of V b. On the other hand, it becomes very large in\ Desoria273 and in Abatus274, passing in the
first the middle of plate 7 of I a and reaching the middle of 8 of V b, and in the latter, on both sides,
the middle of the seventh ambulacral plate. In Schizaster 275, they are three quarters of plate 5 of I
a and two thirds of 6 of V b that corresponds to its posterior edges. It is only in the genera Faorina276
and Agassizia277 that the ambulacral plates 5 respond, on both sides, by the median corners, to the
suture joining the sternum and the following plates. In all these genera, we also see at the left plate
of the sternum, a tendency to overgrow behind the right plate and in Palaeostoma, Schizaster and
Agassizia, we see even at the latter, as we just noted on the corresponding plate of
Echinospatangus, an enlargement of its adoral edge tending to decrease the contact of the left plate
with the lip, but which does not, however, separate them as occurs in Ananchytes and Holaster.
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With the appearance of the infra-anal fasciole, we see introduced in the Prymnodesmians, in
the structure of the parts that it covers or surrounds, important modifications whose regularity
contrasts in a striking way with the vague and imprecise disposition of the Prymnadetids. Of the
ambulacral plates, a certain number of rows I a and V b, counting from the sixth, extend into a
corner of the episternal angle, and pair 3 of the unpaired area occurs in an episternum that we see
developing more and more in the series of genera after Brissus up to Lovenia278, and that reaches
its maximum in Kleinia, Echinocardium, Plagionotus, Breynia, Eupatagus and Palaeotropus. This
is not to say that this structure is found clearly established in the oldest type of Prymnadesmians,
Micraster279 of the chalk. In it, while the ambulacral plates have formed a wedge, a little irregular
however, the other parts have adapted only slowly to the new order. The episternal corner is
scarcely indicated and the fasciole, whose lower arc is seen to cross, in all other genera, the two
symmetrical plates of the episternum is placed here on the left side of the aboral end of the sternum
itself and the right side on a small plate that appears to be detached. This is the first attempt toward
the formation of an episternum and it seems evident that in the presence of the fasciole, a new
disposition of parts is appearing that, with the aid of nuances that still remain to be discovered,
will lead to this perfectly balanced regularity that we admire in skeletons of Kleinia,
Echinocardium, Plagionotus, Maretia, Lovenia and Palaeotropus. It is after this morphological
work that the median part of the ventral surface acquires finally this essentially independent
conformation by means of which, and that of the unpaired ambulacrum, the body of the Spatangid
is divided into two symmetrical lateral parts. At the same time, the form of the plates of these parts,
and effectively that of the corresponding parts of all the areas, deviates greatly from the typical
hexagonal form, still recognizable in the ancient genera of the chalk, at the same time that
enlargement of the ventral plates of the paired areas, at the expense of those of the unpaired, is
carried to a high degree, to the point even of bringing the idea of the existence in some still
unknown species, of a sternum in the form of a linear and narrow keel in the middle of a large
ventral plastron, a bottom wedge, so to speak, formed by the ambulacra of the bivium and the
enlarged paired interradial areas.
The ventral and dorsal double row of the unpaired area is not, in the Cassidulids, Collyritids
and the Ananchytids, only a simple continuation of its sternal portion with this difference only,
that the plates return there to the sub-hexagonal form common to the corresponding parts of the
paired areas. It is nearly the same in prymnadetid Spatangids, where we see however, a certain
tendency to deviate toward an arched form. It is not otherwise in Micraster, despite its infra-anal
fasciole. But in the living prymnodesmian genera, the parts differentiate more. We distinguish in
several of them, as in the genera Spatangus, Brissopsis, Kleinia, Echinocardium, and Lovenia, a
pair of pre-anal plates and, in nearly all, the notched plates of the periproct are distinguished from
the others by their elongated form and curvature above. Finally, the dorsal portion of the unpaired
area is that which has the fewest variations in the series of genera. In the most developed
Prymnodesmians, it still has the position, a little back of row a in the alternation of plates, that has
nearly entirely disappeared from the sternum and episternum.
It is important to know the changes undergone by the interradial areas during the development
of the individual. If we compare a young Brissopsis lyrifera (FORB.)280 of 4.1 mm in length with
an adult individual281, we see in the first that the paired interradii have already adopted their future
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form. Only the first-formed plates, the peristomals, and more particularly that of area 3 are
comparatively wider, and plates 2 proportionally a little longer than in the adult. In the frontal
interradii, we count in the young ten or eleven plates and in the adult, thirteen, two small plates
being added at the end, and in both lateral interradii, ten plates. The change is greater in relation
to the unpaired area. In still younger individuals, the labrum differs only very little from the other
peristomals282 or even has a simply rectangular form recalling its conformation in adult
Ananchytids and adetid or prymnatid Spatangids from the chalk. In the individual shown in fig.
218, it has already taken, as also the sternum, the form it will have in the adult. The episternum is
very short in the young, the posterior edge is very narrow and the pre-anal plate is still three times
longer than wide, while in the adult individual the length and width are nearly equal. In this one,
plates 5 and 8 are anal, in young, plates 5 and 9, the entire number of plates being fourteen in the
young and fifteen in the adult. We thus see here that the interradial areas of Spatangids enlarge
principally by the growth of the same plates and very little by the addition of new plates near the
apical pieces. Each plate has a nucleus in the form of a boss that is surrounded on its interior
surface with curved lines of growth.
A peculiarity that is very frequently encountered in Paleozoic Echinoidea is the tendency of
their interradial plates to take the form of more or less perfectly imbricated scales in the aboral
direction and serves without doubt to give the perisome a flexibility comparable to total covering
in some Holothurians, or of the ventral perisome of most Crinoids. This disposition, shared with
the rest of the ambulacra, is even widespread among the Paleozoic genera, as attests very well the
names of Lepidocentrus, Pholidocidaris, Lepidesthes, Lepidocidaris, and Lepidechinus, that we
have every reason to consider as a primoridial disposition of elements of the test of Echinoidea. It
is found in the Echinothuria of the Cretaceous period and in Asthenosoma of present seas, and it
is not totally lost in some other recent genera whose entirely rigid test would not suggest its
existence. If, having boiled in a solution of sodium hydroxide the test of a Spatangus, Brissopsis
or Echinocardium, we separate it with care, it is easy to see that see that several of its interradial
plates are provided on the adoral border with a very thin semilunar lamina that penetrates into the
aboral edge of the preceding plate, which has in the interior a small corresponding notch. Thus,
these plates, also perfectly fused together, are in fact slightly imbricated. Aborally. Spatangus283
has a lamina thus formed at the third plate of the frontal interradius, and at the third, fourth and
fifth plate of the laterals; Brissopsis284 at the third, and the fourth plate of the frontal interradii and
at the third, fourth and fifth of the anterior row of the laterals; Echinocardium285 at the third and
the fourth plate of the frontal interradii and the same plates of the anterior and lateral rows. Without
doubt, if we were able to sacrifice some individuals, we would find the same conformation in many
Spatangids or other edentate Echinoidea of in Echinoidea with teeth. However, this is only the
form that has been preserved in a reduced state. The function, that of giving to the test a certain
degree of flexibility having ceased to be, or rather having been changed, in a contrary sense as a
means to increase solidity.
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C. FASCIOLES.
Bands of ciliated clavules above a layer of mamelons with spines constituting perhaps the edges of a membrane
covering in part the dorsal surface of the test and leaving free some regions occupied by the most powerful external
organs.

Fascioles exist only in the Ananchytids and Spatangids and are not missing entirely in some of
the living genera of the latter. It constitutes a trait of structure independent of other parts of the
skeleton and belonging neither to the ambulacral nor interradial areas. On the contrary, we can say
that it dominates them somehow. It is limited to the dorsal, lateral and posterior surfaces of the
test. We see nothing of it on the interior surface of the plates, nor does it occupy the intervals
between them. Perfectly superficial and forming on its own a stratum superposed on that of the
spines, it crosses the ambulacra like the interradial areas in the midst of the spines, the pedicellariae
and the tentacular pores, all of which it erases, usually completely, by depositing in their place its
united band encrusted with small tubercles and rarely indicating the traces. Thus, we see
sometimes, e.g., in Agassizia286, how the fasciole, entire and intact, covers like a gauze perfectly
recognizable mamelons and corresponding, in their form and disposition, to other mamelons
situated immediately outside its edge, which even partially covers one or the other. Either the
fasciole, having made the spines fall, is smooth above, or that despite its decisive influence
elsewhere, the deep layer has continued, in this region, to form mamelons. Now, as this has been
observed in Plagionotus pectoralis and Brissus Scilla287 when the fasciole has received fractures,
we see pierced mamelons with their spines or the tentacular pores completely developed, the deep
layer having resumed its vital work that was stopped beneath the intact fasciole.
It is easy to be convinced in Brissops lyrifera (FORB.)288 that the peripetalous fasciole crosses
the same interradial plate in the adult as in the young, i.e., plates 4 and 5 or the frontal areas, 6 and
7 of the laterals and the tenth of the unpaired area. It is, in both, on the same ambulacral plate of
the bivium, 14 and 15, and in the paired ambulacra of trivium on 9 or 10. But in ambulacrum III,
the unpaired, it changes place by advancing from plates 4 and 5 to plates 5 and 6. Thus, again the
infra-anal fasciole crosses in the young as in the adult, in its lower arc, the episternal plates 3 of
the unpaired interradius and, in its upper arc plates 4 and 5 as well as the prolonged plates 6, 7, 8,
and 9 of the internal rows of the bivium. Consequently, the successive extension of the fasciolar
ring is nearly proportional to the movement of growth of the plates, except that it changes a little
the place on the same plate on which it remains. It is by these movements that must be explained
the transverse crevices, or perhaps the folds, that it very often has, and the two sides of which its
rows of small tubercles change direction289,
Covering in this manner the mamelons and giving to it its own movement although very
restrained, the fasciole appears to determine up to a certain point the form of the plates and more
particularly that of the ambulacra. We realize it as we compare the different generic groups in
relation to the peripetalous fasciole. In the adetid genera of Spatagids, those without fascioles like
Echinospatagus D'ORB., Enallaster D'ORB., Isaster D'ORB., Epiaster D'ORB., Hemipatagus DES.,
and in the prymnodesmians that lack the peripetalous fasciole, Spatangus290, Micraster291,
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Maretia292, Palaeotropus293, Echinocardium294 and Lovenia295. The paired petals are more or less
open in the manner of Cassidulids, Collyritids and Anachytids, i.e., that the passage of side plates
with single digitiform tentacles to dorsal plates with branchial tentacles is in a gradual manner and
as a sole trait, where, if there is a slight narrowing that the plates follow each other in an equal and
continuous manner. On the contrary, when there is a peripetalous fasciole, this passage is marked
by a more or less considerable narrowing or even by an enlargement of the infra-petal plates. In
some, this narrowing is not very great and the plates, all entire, succeed each other without any
interruption as in Hémiaster Fourneli, Faorina296, Desoria297, Abatus298 and Schizaster299. In others,
the peripetalous fasciole seems to increase the resistance offered by the pair of plates that it crosses
to the slow and continuous pressure of the petal plates caused by addition of successive new plates
near the ocular piece. Because of this addition, some of the older plates are reduced to demi-plates
in the manner of peristomal plates of Echinids. They are moved in the form of wedges towards the
sutural line of plates of the fascioles. These plates that, in yielding to it, change form or even
partially separate from each other while the fasciole withdraws into a more or less deep bay. These
are what we call closed petals that we see in all the paired ambulacra of Meoma300, Breynia301,
Plagionotus302, Brissus303, and Brissopsis304, or in the bivium only as in Eupatagus, Agassizia305,
and Kleinia306. But everywhere, ambulacarum III is exempt from all influence of the peripetalous
fasciole, which sometimes even thins in passing over it. Hemiaster exergitus307 alone is an
exception, but it is to be noted that the specimen observed is not an adult. When there is an internal
fasciole, crossing the paired petals as in Breynia308, Echinocardium309 and Lovenia310, the series
of adjacent tentacular pores was disturbed and several of them tended to be erased. Echinocardium
alone has, in ambulacral III crossed by a strong internal fasciole, an alternation of entire plates and
reduced plates. — Finally, as for the infra-anal fasciole, it has been demonstrated already how its
existence is accompanied by a quite particular conformation of ambulacral plates of the bivium,
no less than the interradial plates that it crosses.
According to the region of the test that they surround, the fascioles enclose groups of tentacles
different in forms and functions, and do not cross the limits. Thus, the peripetalous surrounds, in
Brissopsis lyrifera (FORB.)311, the powerful tentacles with a circular terminal disk, the unpaired
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ambulacra and the branchial tentacles of the paired ambulacra. The infra-anal constitutes the limit
between the large tentacles crowned with cirri belonging to the extended plates of the internal rows
of the bivium and the single digitiform tentacles of the ambulacral plates of the sides. When we
consider the completely superficial position of the fascioles and the manner in which they pass
over the mamelons, how the most powerful of the external organs are produced only within the
enclosures they form, how, in some genera, Plagionotus, Eupatangus and Breynia and in a less
marked way in all, the small and little developed mamelons appear on one side of the fasciole and
all of a sudden large and very pronounced mamelons appear on the other, when we reflect on the
contrast of the test of Spatangids thus divided into disparate regions with the uniformity of that of
Clypeastrids, Cassidulids and Echinoneids, that have no fascioles, we are led to ask if there does
not exist a membrane, beginning perhaps at the greatest periphery of the test, covering the sides of
the dorsal surface in an extremely thin sheath, but whose presence is sufficient however to
moderate up to a point, in more than one genus, the complete development of the mamelons and
their attachments, and leaving outside its edges, which is the fasciole, two spaces of the test entirely
free and open for the development of certain important exterior organs, one around the summit,
the other infra-anal. But there is little to say: the fasciole remains an inexplicable enigma. It is, as
JOANNES MÜLLER said312, a boundary line (“Saumline”), comparable to the ciliated border of
larvae in that it is formed in closed areas and that it has a very active ciliary movement. Its clavules,
dense and uniform in height like rows of velvet, with a stem covered with cilia, rounded and soft
and non-ciliated head as JOHANNES MÜLLER has already observed, are sensitive to the last point,
and if we touch them several others immediately join them in a common, undulating movement.
Regarding the important question of knowing if the fasciole has been transmitted to the Spatangid
by its larva with the membrane by which it manages to construct the edge, it is appropriate to recall
that the infra-anal fasciole and the lateral fasciole are mutually exclusive. In looking at the infraanal fasciole of Meoma313, complete only in its lower arc, those of Plagionotus314 and
Echinocardium315 sending up short branches above, and those of Kleinia316 that join with the
peripetalous at least two branches running along the bivium, one could even suspect that the three
fascioles, infra-anal, lateral and marginal, should be considered as different forms, replicated, of a
one and the same fasciole.
D. APICAL SYSTEM.
Dorso-central system. Three constituent parts: the ocular pieces, the genital pieces and the central disk.
Homologies of the apical system with the calyx of Crinoids. Its diverse forms in the different groups of the Echinoidea.
Anomaly of Collyrites. Calyx of Asteriadae.

In all the known Echinoidea of present seas, and in reality, in the great majority of living and
extinct species, the ambulacra, and consequently, the interradial areas converge on the dorsal
surface in a more or less regularly arranged assemblage of pieces essentially different from all the
other elements of the test. We have called this assemblage the apical system, the summit, the
Ueber den allgemenieu Plan in der Entwickeluig der Echinodeiraen. Abhandl. Berlin. Akad., 1852, p. 33. —
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vertex. It is the dorso-central system. It is composed of three constituent parts belonging to it in a
special way: the pieces called ocular, always five in number; those called genital whose normal
number of five is often reduced to four, and the central disk.
The pieces called ocular correspond to the ambulacra and are never separated from it, not even
in the disjointed system of the Collyritids. It is not necessary to consider, however, this intimate
adherence as an indication of a relation between the
ocular piece and the ambulacra comparable to that of
a matrix with its product. The ocular piece serves
ambulacral plates in the process of formation as a kind
of protection, hiding them under its adoral edge
before they are outside. But this immediate proximity
to the summit of the ambulacrum permits the ocular
piece to become the seat of sensory organs, to receive,
1. Ocular piece with the summit of the
by a very short path, the large ambulacral nerve that
corresponding ambulacrum of Echinus
must penetrate the pore with which it is always
esculentus L., seen from the interior. 2. Summit
pierced.
of the ambulacrum of the same, seen from the
Because, despite the ignorance where we are still
exterior, the ocular plate having been removed.
in
regard
to the true nature of these organs, we are
3. Ocular piece with the summit of the
agreed to consider the pore an ocular pore and this, it
ambulacrum of Cidaris papillata LESKE, seen
would seem, only because of the morphological
from the interior.
homology presented by the ocular piece of Urchins
and the similar pieces placed at the ends of the arms
of Sea stars, in which are lodged organs whose functions as organs of sight cannot be doubted after
the research of EHRENBERG317, HAECKEL318 and GREEF319. According to the latter, the Asteridae
have, at the end of each of their arms, two distinct sensory organs. The large nerve trunk divides
there into two branches. One, the upper, goes to the unpaired tentacle cirrus, of a different color,
retractile, covered in part with cilia and a rounded summit without a sucker. The other branch, the
lower, furnishes neural elements to a compound eye, overlapping on the base of the cirrus, with a
cornea and containing a number of crystalline cones embedded in a pigmented mass of intense red,
the summits directed toward the interior and the convex bases outward. Some Echinoidea have a
conformation of hard parts of the ocular piece that permits us to suggest, in it also, a nearly similar
structure.
In some extremely rare cases, fossil Echinoidea of the Paleozoic period of the genera
Palaechinus M’COY and Melonites NORW. and OWEN, have been found in a state of preservation
that has permitted studying their apical system. FERD. RÔMER320, taking advantage of a similar
occasion was the first to report the existence, in Melonites multiporus, of two pores for each of the
ocular pieces, and observation that has been confirmed by BAILY321 for Palaeoechinus elegans. We
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ask thus if such a disposition, which seems to indicate a double eye to each piece, was restricted
to the oldest types only, or if it exists in genera of the present seas. In the Cidarids, the most ancient

of all the living types, we search in vain. Their ocular pore is single. It is the same in Echinus and
near genera, in Amplypneustes, and perhaps still in Salmacis, whose pore is surmounted by an
eminence in the form of an eyelid. In the other genera, we recognize however, a division of the
external opening, which has become transverse, separated into two parts by a middle partition,
slightly indicated in the very small pore of Diadema, more pronounced in Temnopleurus. But it is
in the remarkable genus Echinocidaris that we encounter a more complicated disposition and of a
sort comparable to those of the same parts in the Paleozoic types. The very thick ocular piece is in
the form of a pentagon and the middle of its adoral edge is extended into a more or less projecting
wall according to the species, dividing into two canals the duct of the pore and separating between
them two oval transverse depressions,
quite deep, the orbits between the edge
of the pigmented layer322 and the
adoral extension of the piece. If these
depressions are real, as it seems, the
orbits containing the soft parts of a
double eye, they should represent the
two ocular pores of Melonites and
Palaechinus. In the Spatangids, it
appears to be the rule that the single
pore in the interior is divided at the
exterior into two by an eminence on its
upper border, analogous to the
partition of Echinocidaris, an
eminence that supports the base of a Ocular pieces of Echinocidaris nigra (MOL.) 1. View from above.
tentacular circle, surrounded by a The exterior surface, with mamelons, is blackish blue in color,
geminate eye. In the Clypeastrids323, that of the pigmented layer is raised in the middle. Three bosses,
the ocular pores are arranged in a, b, c, of variable form. Between b and c is found the narrow
various ways. They are single and partition dividing the pore p in two and separating the two orbits,
d, at the bottom of each is a small pore giving passage to a nerve
relatively very large in Encope (?). 2. Another piece from the same individual, seen from the
valenciennesi.
adoral surface. The pointed median extension has been cut
The typical form of the ocular vertically to show the manner the conduit of the pore p is divided
pieces is that of a pentagon324. Their in two by the partition. 3. Piece 1, seen from the internal surface,
two aboral edges are contained cut in the preceding figure. 4. Another ocular piece from the same
between two genital pieces, the two individual. Half-face view. 5. The same, seen in profile.
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The apical system of Echinocidaris is distinguished from the rest of the dorsal surface by its deep color. In E. nigra
(MOL.), its different pieces have extremely fine rugosities produced by the accumulation of small eminences of
blackish blue, dotted, shiny, rounded, oval or elongated in crests and then in parallel in some way. These
eminences that, in other species of the genus, rise like some small, isolated islets and that, moreover, are in no way
limited to the dorso-centro system, are found generally distributed in the Echinoidea, taking very diverse forms,
like small cones with radiating stripes in Echinoneus (Pl. IX, fig. 79) and Echinocyamus (Pl. XVI, fig. 139), of
raspberry-shaped protruberances in Salenia (Pl. XIX, fig. 169, 161, 163; p. 27) etc. COTTEAU has observed them
in Codiopsis (v. Palaeontologie française, Terrain crétacé, VII, p. 774; pl. 1190, fig. 16). They appear to belong to
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that, with a less friable texture, with a shiny fracture and covered with a layer of mamelons. We see the mamelons,
by their slow and continuous movement, cross the very suture of the plates and extend their bases above them. —
The histology of Echinoderms is still entirely to be done.
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laterals between the interradial areas, while the adoral, while the adoral, remaining contiguous to
the ambulacrum, has in the middle between two more or less pronounced notches, a projected part
determined by the presence of sensory organs, and corresponding to the median suture of the
ambulacrum. But this typical pentagonal form is far from being constant. It changes without
ceasing in the same individual because of growth of the different parts and of reciprocal adaptation
of the apical system, the ambulacra and the interradial areas. The very location of the ocular pieces,
normally at the corner of two genital pieces, is found so modified in some genera, that we see them
alternate with the latter at the internal edge of the periproct. Their size relative to the other parts of
the system is also very different in the different groups. In general, they are largest, as well as of a
more regular and more freely developed in groups of ancient origin, as the Cidarids325, Salenians326
and Echinoconides327, smaller, more subordinate in those of a less distant origin, as those of
Spatangids328, very small even in those of a more recent period, as Clypeastrids329. But everywhere
the organ of vision has found there its place, and no part of the ocular pieces is reached by the
madreporite.
The pieces called genital, normally five in number, larger than the ocular pieces, are typically
hexagonal330. Their aboral edges make the five sides of the central pentagonal space. The two
contiguous edges touch the genital pieces. The two following form, with the homologous sides of
the adjacent pieces, the corners in which are the ocular pieces. Finally, the sixths, the adoral edges,
are contiguous with the interradial areas. But this form and this perpendicular disposition of these
pieces is seen unaltered only in still very young individuals of Echinids and, in adults, in the
Cidarids331. Not only in common with all the other constituent elements of the skeleton, because
of the pressure that they exert simultaneously on each other, and by the more or less considerable
resorption of different parts, the genital pieces have continuous changes in form, but still their
adoral edge is particularly subject to an alteration by which its figure is often made very irregular.
Early, the median part of this edge, corresponding to the suture of the interradial area begins to
protrude332, and soon extend, in many cases, into a narrow wedge penetrating between their plates.
This considerable transformation of the genital pieces is due to the demands of the reproductive
organs, that in nearly all species, pierce them with pores by which the males release their sperm
and the females their eggs. Sometimes they acquire such considerable sizes relative to the pieces
themselves that finally they do not seem destined only to contain them333. It would wrong however
to believe based on this that we can consider them as simple external appendages of the
reproductive orans. Far from that, the existence in these pieces of openings of the reproductive
conduits can be regarded only as secondary and, so to speak, adventitious. Not only in individuals
not yet ready for reproduction334, the pieces called genital, completely formed, enter as integral
parts of the dorso-central system and it is only later, when the reproductive organs have attained
their maturity, that the conduits of these gland pierce from within, but still it is not uncommon to
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see these conduits, when the smallness of the apical system, is entirely filled by the madreporite,
does not allow them to open there, move apart, out of it, to some point of the interradial areas and
then reach the surrounding water by pores made in the median suture. This is well known in
Clypeastrids, in Laganum peroni, L. putnami, Encope valenciennesi335, Mellita and others, the
genital pores are located outside the apical system, between its edge and the two last interradial
plates, and that in Clypeaster rosaceus L.336 they are disposed entirely in the interradial sutures and
separated from the system by the last two or three pairs of plates. Moreover, COTTEAU has observed
that, in an Echinid even, Goniopygus337, the genital pores are placed outside the system, in the
interradius. All this forbids considering the pieces called genital as appendages of the reproductive
organs. In fact, they do not belong to it any more than the interradial plates perforated by the anal
opening belong to the alimentary organs. On the contrary, they are to be seen as parts of a perfectly
independent skeleton.
The space between the bases of the five genital plates is filled by the central disk. But, while
the ocular and genital pieces, although much altered in form, of relative size or number, are found
however in all the series of species and in all ages of individuals, the existence of the central disk
is very often so transiemt, and the case of its preservation during the entire life of an individual, in
a recognizable form, so exceptional that, despite its morphological importance as an integral part
of the dorso-central system, it is not easy to observe.
In the apical system of a very young Echinid338, whose diameter hardly exceeds one millimeter
and that still has no trace of the madreporic, genital or ocular pores, the central space filled by an
unpaired lamina: it is the central disk. It is cut off very weakly in front of the genital pieces 1 and
5 as a result of beginning resorption that has also removed a part of their aboral edges. But this
slight modification serves only to indicate there once existed a primitive form exactly adapted to
the space between the intact bases of the genital pieces that surrounded it. In the very young
individual of another species, Toxopneustes droebachensis of 2.4 mm339, we observe this same
disk, but here the resorption, although very recent, is a little more advanced to the region where,
as we see it, the anal opening will take place later. The existence of this disk in very young Echinids
has already been reported by ALEXANDER AGASSIZ in his first observations on the Echinoidea
collected by DE POURTALES from the great depths of the sea between Florida and the island of
Cuba340. “At a very early time”, he said, “at which, however, the buccal opening with its jaws was
already developed, the anal system of the Echinoidea was closed only by a single subanal plate,
which appeared before the genital and ocular plates, and which remained more prominent for a
longer time than the other plates that came to cover the enlarged anal system.” It follows from
these observations recorded here, that the central disk develops before the intestinal canal has an
outlet. The disposition of these parts is in addition such that this opening can reach the exterior
only after the separation of the disk so that even the first preparatory act of its appearance outside
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consists only in the resorption of the very substance of the latter. Consequently, the central disk,
far from being a simple protective appendage, should be considered only a part of its on and
independent, an integral part of the dorso-central having its own morphological value. Salenia
offers conclusive proof, as ALEX. AGASSIZ also noted341. In it, the central disk, far from having a
transient existence as in the Echinids, is permanent, present during all the life of the individual,
continuous and solid, growing with the other parts of the skeleton and filling the central space of
its perfectly pentagonal lamina342. With the opening of the anus, it becomes partially indented, by
resorption, on its lateral and posterior edge, as it also becomes, and to a higher degree, the edges
of the adjacent genital pieces, and the periproct is formed, nearly circular, on the suture of the
genital pieces 1 and 5343. But the central disk always preserves perfectly recognizable its primitive
pentagonal form, and it is evident that is not a supra-anal or supplementary plate in the Salenia and
near genera, but a normal piece of the skeleton that is maintained during all the life of the animal.
Now, after these considerations, if we separate the preconceived idea that, to the five pieces of
the external ring of the apical system belong as many organs of sensation and the four or five
pieces forming the interior ring had as many appendages to the reproductive organs; if we give to
the central disk its true morphological significance, forgetting the short duration of its existence in
Echinids, and leaving aside as meaningless the periproct of Salenians, we cannot escape the
impression that, in restoring thus the apical system to the Echinoidea, exempt from accessory
functions imposed by the needs of physiological work, its purely morphological value, that has
reproduced the principal traits of a construction considered up to now as non-existent in the
echinoid type, but fundamental and characteristic in those of Crinoids. From the apical system of
the Echinoidea, we have made a calyx, homologous to that of the latter, and among them, in the
first place, to that of the genus Marsupites of MANTELL344, Crinoidea without a stem, fossil of the
chalk. In it, a large piece exactly pentagonal occupies the central space of the dorsal pole. It is
evidently the homologue of the central disk. At its five sides correspond five hexagonal pieces,
homologous to the genital pieces of Echinids. These are the parabasilars of the first order from the
terminology of JOHANNES MÜLLER. In its corner is intercalated here the parabasilars of the second
order, that are missing in most of the Crinoidea, and that have no analogy in the system of the
Echinoidea. They are followed by the first radials, homologues to the ocular pieces of the
Echinoidea.
All the pieces of the calyx of Marsupites are ornamented with very distinct stripes, crossing
the sutures at a right angle and disposed in a manner to form together lozenges having two opposite
ends placed at the center of two contiguous pieces, and consequently each cut in two by the suture.
This type of structure does not belong exclusively to Marsupites and other Crinoidea that have it
in various forms. If we carefully examine the central disk and the other pieces of the apical system
of young Echinids or Salenia, we will not be slow to see the same structure. It can be observed
with direct light, but it becomes very evident in a preparation suitably made and viewed by
transparency. We thus find that the pentagonal central disk consists of five triangular sections,
having for the base one of its five sides and converging to its center. The reticular tissue of each
triangle is arranged in straight and parallel rods, rectangular at the base, and leaving between them
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very narrow intervals. In the sutures, those coming from one piece continue directly with those of
the other, and the groups of rods of different triangles, meet in the center of the piece, crossing
each other to form an apparently mixed mass of tight mesh. It is the same in the ocular and genital
pieces. These latter, as hexagons, each contain six triangles. In the very small Echinid of 1.3 mm
only345, the central disk contains only four of them because it surrounds only four genital pieces
instead of five, a completely exceptional disposition, leading to the assumption that it belongs to
the genus Echinocidaris, the disk of this genus being, in the adult, split into four triangular lamina
determined perhaps by this disposition of rods. It is to be noted however that this striated structure,
although seen there more directly, is not limited to the apical system. It exists in all the plates of
the test of the different groups of Echinoidea346. It has been known for a long time in the
Cystideans. It appears however that it is found very developed in the dorso-central system and it
is to it that is brought back the diverse kinds of sculpture, impressions and striated suturals,
rugosities, and of sides joining the centers of the pieces of the calyx that we note in Crinoidea. We
also scarcely find in Salenians sculpture that is not reproduced among these in some corresponding
form, depending, it would seem, on the more or less development of the different rods, whose
medians, e.g., gives rise to the ridges joining the centers of the pieces, as in Salenia trigonata AG.
and Goniophorus lunulatus AG. on one side and Poteriocrinus geometricus GOLDF. on the other.
Having thus followed the homologies of the dorso-central system from the Echinid in its first
age up to the adult Salenia, and from that to the Marsupites, we find ourselves facing the numerous
and varied series of Crinoids with a stem. And, among them, it is not to the Mesozoic and most
recent types that we are led, but rather to the Paleozoic types, towards the forms with a calyx
developed in a way equal in all its constituent parts: the base, basis, in the terminology of
D’ORBIGNY, JOHANNES MÜLLER, DE KONINCK and L. SCHULTZE, the dorso-central article in that
of DE BLAINVILLE, the pelvis of MILLER, homologue to the central disk of the Echinoidea and of
Marsupites, pentagonal, sometimes entire, sometimes split, in the sense of its rays, into secondary
pieces of variable number, named basalia. The pieces called parabasilars, parabasalia, of
JOHANNES MÜLLER, the sub-radials of de KONINCK, the basilars of WYVILLE THOMSON and
CARPENTER, the costals of MILLER, normally five in number, homologous to the pieces called
genitals in the Echinoidea, hexagonal, contiguous by their adoral edge with the interradial
perisome; and the first radials, radialia, of JOHANNES MÜLLER, five in number, homologous to the
pieces called ocular of Echinoidea, pentagonal, inserted into the angle of the preceding, contiguous
with the ambulacra.
In both of these grand classes of Echinoderms, the dorso-central system, presented in various
aspects, is therefore identical in its principal traits of conformation. In both, it occupies the pole
opposite the mouth. But the Crinoidea is an animal typically fixed by its stem, the mouth above
surrounded by free arms collecting the organized substances suspended in the surrounding water,
with the help of the ciliary action of its ambulacral gutters, open entirely or only on the pinnules.
The Echinoidea is a free animal, with fixed arms, turning its mouth toward the ground on which it
must search for its food. Hence, that which is the base of the animal in one is the summit in the
other. But, among the names the most utilized by authors for the diverse parts of the dorso-central
system in the two classes, some have been suggested precisely by these diametrically opposed
relations or by entirely disparate functions. However, good nomenclature requires for
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morphologically homologous parts, common and equally applicable names. While on the other
hand it forbids the excessive multiplication of names, already too numerous. This is why, in what
remains of these studies, the name calyx, calyx, will be used to designate, in both classes, the
dorso-central system as a whole. Central disk, discus centralis, will replace that of base in the
Crinoidea. The old name of costal pieces, costulia, proposed by MILLER, will be given to the pieces
called genital in the Echinoidea, parabasilars or basilar in the Crinoidea. And those radial pieces,
radialia, to pieces designated by this name in the latter, and to ocular pieces in the Echinoidea347.
In the Crinoidea, the arms are mobile, erected above the ventral perisome. Two systems
combine in their construction, the ambulacral and the dorso-central. The ambulacral gutters,
continuation of the lips of the mouth, cross the ventral perisome in the direction of the radial pieces
of the calyx. On its side, are the rows of multiplied radial and brachial pieces. The first radial
serving as the basilar article rise to meet them. Joined there, these two elements constitute the arm,
the ambulacral gutter and its support furnished by the calyx, joined to each other, summit to
summit, rise freely together, individual or branched. In the Echinoidea, the arms are immobile,
embedded in the perisome. The ambulacral system alone constitutes them. The ambulacra, leaving
from the mouth and crossing the perisome, extend to the radiales, which their summits touch,
developing their new plates near them. But, in the Echinoidea, the first radials have become organs
of sight. Responding only to this function, instead of offering multiple supports to the free
development of the ambulacra, they remain single and fixed, and in that state, stop their extension.
They become as many points of support for the movement of the constantly increasing ambulacral
elements that, because of the resistance its experiences from the side of the calyx, is changed to
the opposite direction, that of the peristome. But in most Echinoidea, the peristome, for its part, is
the fixed limit. It is thus in the intermediary regions of the sides that the movement of growth, thus
contained at the two poles of the test, finds the freedom of expansion that the development requires.
It is on the diverse relations resulting from this combination that the general form depends. But,
because of the reaction of the movement itself, the calyx experiences on all sides a pressure that
tends to reduce it in size, relatively, to the rest of the surface of the test. The effect of this pressure,
proportional to the force exercised by the ambulacra and the growing interradial areas, is notable
in all true Echinids and in Echinoconides. It is greater in Spatangids and other forms in which the
organs of respiration come to require a greater and greater share of the ambulacra. It is carried to
a high degree in Clypeastrids, because of the great development of their ambulacra and their
interradial areas, reenforced by the pillars and massive internal walls. In Cidaris, on the contrary,
whose interradial auricles leave to the ambulacral elements an open passage to the buccal
membrane, the calyx has everywhere a relatively large size and a free development of its parts.
Consequently, when in Salenians: Salenia, Peltastes, we see it expand even more widely on the
dorsal surface of the test, of which it occupies in any case five sixths of the diameter, in extending
its elongated costal pieces, of equal size, we ask what can be the circumstances that contribute so
powerfully to favor in them the development of the calyx, and if, at the stage where it occurs in
Cidaris, some particular arrangement of the auricles enters into it in an essential way.
Thus, we see the calyx of these types of Echinoidea of ancient origin resemble those of some
Crinoids of an even more distant period, no less in regard to its size in comparison to that of the
entire test, in regard to the forms and proportions of its different parts, ratios that, very often from
first glance even, invite their comparison. It is not the same with other types of the two classes, in
which the calyx is modified in diverse ways, and more particularly in more recent types. Thus, in
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some Crinoidea, the radials are in immediate contact with the central disk with intervention of
costal pieces, a modification whose explanation is found perhaps in this act of development of
Antedon thanks to which the costal pieces, completely formed in the very young individual
disappear shortly from the outside in sinking into the interior of the calyx, reduced and transformed
because of an endogenous rearrangement348. The alterations in the calyx of the Echinoidea in the
course of the life of the individual, as in the succession of genera across geological periods, are no
less great, although of a different order. In this class, as everywhere, are ancient forms and the
phase of the young age of recent forms that show common and typical traits and thus reveal the
affinities and analogies that geological evolution and individual development come in disguise.
While the calyx of Crinoidea, essentially of morphological value, determines in a real way the
exterior form of the body that it constitutes the foundation, that of Echinoidea, which very early
entered physiological studies, became more and more subordinated in relation to its morphological
importance as its different parts are used for the needs of economy and adapted to diverse
functions. The madreporite, as we learned from the study of young Toxopneustes
droebachiensis349, is the first to be introduced in costal piece 2, whose volume it increases in
penetrating its ramified canals. Then the radial pieces are pierced by ocular pores and prepared for
the reception of the organs of sight. The costal pieces elongate adorally to be perforated from
within by the efferent conduits of the reproductive glands. But of all the parts of the calyx the
central disk is the most profoundly modified, and that from the organs of nutrition.
In most of the true Echinids, when the anus begins to open, this is not in the very center of the
disk but eccentrically and outside. If the very young Echinid, 1.2 mm only350, with the quadrilateral
central space, really belongs to the genus Echinocidaris, whose anal opening is central in the adult,
the division of the disk into four triangular lamina is preceded by an act as a result of which it is
detached from the surrounding pieces. We see a small opening produced between its lateroposterior right edge and the costal piece 1, with a slight deviation in the direction of the radial 1.
Because of the beginning of resorption, the corresponding edge of costal 1 becomes slightly
indented. In transferring the observation to the very young Toxopneustes of 2.4 mm351, we find
that the opening has increased in width, the resorption of the disk has advanced, costal piece 5 is
affected, the edge of the forming periproct approaches radial 1, and in the thin, transparent
membrane that replaces the absorbed parts are deposited two small platelets of reticulated
calcareous tissue. Then, while the original pentagonal form of the central space is gradually lost
by the gradual erosion of the bases of the costal pieces to become finally oval according to the line
passing through ambulacrum I and interradial area 3 and the number of platelets continues to
increase in the gradually widened interval. The disk, slightly raised at its free edge, although it
always remains contiguous, by the opposite edge, with costal 3, is more and more reduced in
proportion, but still can be recognized by its position and relative size. In individuals greater than
5 mm352, the anal opening makes its appearance in the middle of the smallest platelets, a little
projecting, above the eccentric membrane vis-a-vis radial I, to stay there definitively. Finally353,
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following the development of a multiple number of secondary centers of formation, the anal
membrane is encrusted with platelets with mamelons and spines, among which the central disk can
no longer be distinguished. It is permissible to assume that this is the manner in which the central
disk is replaced by the anal membrane in most Echinids. In Diademas, this membrane is nearly
entirely naked, and is raised in the center in a very long conical anal tube. In Echinocidaris, it
appears the anal opening if made by means of a central lifting, following which the disk, detached
all around, splits into four triangular laminae354.
The calyx of a Toxopneustes of 2.4 mm of diameter355 has five costal pieces, each placed visà-vis of one of the interradial areas and forming a closed circle, the five radial pieces intercalated
in the reentrant corners with the same regularity. Such is still the state of the calyx of adult
individuals in the genera Echinus, Sphaerechinus and Psammechinus and in most of the Salenians.
But in
Toxopneustes and many others, this primitive and normal disposition is soon modified. The radial
pieces of the bivium I and V, move gradually towards the interior of the circle, to the two sides of
costal 5, between this and costals 1 and 4356. Radial I is the one of the two that first reach the
interior periphery followed by radial V. This is the case in the genera Loxechinus, Lytechinus,
Heliocidaris, Tripneustes, Boletia, Salracis, Acrocladia, Echinometra, Echinocidaris.
Amblypneustes and Mespilia. They approach very near. As for the radial pieces of the trivium,
piece IV advances towards the internal periphery that it touches in several genera. It approaches
also, although at a greater distance, but III, which corresponds to the unpaired ambulacrum, always
remains distant. In adult Diademas357, all the radials manage to touch the anal membrane, even II
and III that are sometimes found posterior. This displacement of the radial pieces during the growth
of the individual depends without doubt on the periproct, following the tension it undergoes, and
the resorption of the bases of the costal pieces, widening more quickly and more strongly that does
not increase the width of these same pieces, and on the radial pieces, which are pushed by the
growth movement of the ambulacra into their interstices. Costal 2, containing the madreporite, and
therefore widened and more resistant, stops pieces II and III.
Such is the mode of conformation of the calyx in the genera of Echinids in which the line
passing through ambulacrum I and interradial area 3 affects the disposition of the elements of the
interradial areas and, in Echinometras, in the elongated form of the test. The eccentric placement
of the anal opening on the line is the rule among the Echinids of the present world, of Mesozoic
or more recent origin. But, long before the geological appearance of these genera, some
Perischoechinids had a different disposition of these parts, the same as still present in Cidarids.
We owe to BAILY the knowledge of a specimen of Palaechinius elegans, of the Carboniferous
formation of Ireland358, showing a considerable part of the central space of the calyx covered with
platelets arranged in a fashion to indicate the position of the anal opening in the very middle359.
This is also the place this opening occupies in the calyx of Cidarids, former contemporaries with
representative genera, Eocidaris, Aracheocidaris, of the ancient forms, and presently the most
recent of our seas. Instead of becoming oval, the periproct remains pentagonal in them, the bases
of the intact costals limiting it to their five straight lines and the radials are maintained at nearly
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equal distances to its edge, advancing sometimes elongated wedges separating the costals 360. In
the middle of the platelets, arranged in a concentric manner, is the anal opening, in the very center
of the calyx, a location that in the Crinoidea is that of the central opening by which the internal
cavity of the calyx communicates with the canal of the stem361,
However, this endocyclic position of the axis of the alimentary canal, perfectly vertical or
deviating slightly in the direction of the line passing through ambulacrum I and interradial area 3,
does not satisfy the tendency of the work of evolution in the class of Echinoidea, manifested in the
succession of different types across geological times. This tendency requires the three axes of the
skeleton, the anterio-posterior, that of the interradial areas and the longitudinal axis be combined
into one, the two sides of which the parts constituting the skeleton, are arranged in a symmetrical
manner and that, while the mouth is moved forward, surmounted by the frontal ambulacrum with
tentacles appropriate for the functions of touch and prehension, and that the four paired ambulacra
expand to provide space for more and more developed branchia. The axis of the organs of nutrition
approaches the horizontal in the plane of the length of the test gradually become elliptical. It is
thus toward the unpaired interradial area that the anal opening should be directed. Also, when after
one of those intervals in the history of nature about which we are still in profound ignorance, the
marine fauna of our part of the world reveals itself again, in the Secondary layers, with an everincreasing variety of forms of Echinoidea whose ancestry is not betrayed by any traces, we see
appear beside the ancient type with a vertical intestinal axis, another, not perceived until now, the
exocyclic type, with the periproct installed more or less completely within the posterior interradius.
This is not, in fact, a new mode of conformation. It is rather, a return to a very ancient mode. An
anal tube placed in the unpaired interradial area surrounded by the ambulacral bivium on the
midline indicating the bilaterality of the body, has, since Paleozoic times, served normally
nutritional functions in Crinoidea and Cystideans. However, in view of the great development that
these two classes have reached in zoological antiquity and the traits of resemblance of the calyx of
Crinoidea that are present in Cidarids and other Echinids of ancient origin, it appears natural to
wait to discover among the latter again, some indication of the existence of an interradial periproct.
There is none in the Perischoechinids, and to judge from the known fragments, none in Cidarids.
In both, the axis of the nutritional system is perfectly vertical. But thanks to the admirable work of
COTTEAU, DESOR, DE LORIOL Wright and other scholars who have thrown light on the origins of
Mesozoic Echinoidea, we know now some forms in which we believe can see a less regular
disposition362. It is in particular the genus Heterodiadema Cotteau363 that, despite the loss of the
calyx in all known specimens, leaves little doubt about the posterior location of the periproct,
outside the central disk, in a very elongated costal 5, inserted between the last pair of plates of the
unpaired area. The genera Pseudodiadema, Cyphosoma and Echinocyphus364 present other
examples of this mode of conformation. These are the Diademians of the Cretaceous period. The
remarkable group of Salenians, whose calyx recalls in so many aspects that of the Crinoidea, and
whose existence can be followed from the Lias up to the present period, is represented, in the lower
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Mesozoic layers, by the single genus Acrosalenia that became extinct in the lower chalk layers. In
this genus, related by several characters to Hemicidaris and Pseudodiadema, the periproct,
longitudinally elliptical, is received in large part in costal 5, contained between the rows of the last
interradial plates, reduced sometimes to a narrow band bordering the posterior part and even
lacking the genital pore because of the suspension of function of the reproductive gland located in
the unpaired interradial space365. Later, in Pseudosalenia366, from the middle and upper Jurassic
terrain, as well as in Peltastes and Goniophorus from the chalk, the costals are all of equal size, the
periproct, transversally elliptical but always located in the anterio-posterior line, is advanced
toward the center of the calyx and the genital pore is in costal 5. Finally, in Salenia367, which
begins to appear in the lower stages of the chalk, to develop there more and more and survive
through the Tertiary up to us, the periproct is located eccentrically on the line passing through
ambulacrum I and interradial area 3, conforming to what occurs in the Echinids proper of less
ancient origin and in most of their genera in the present fauna. Thus, when we look at the periproct,
barely apparent in some Mesozoic forms in the interior of the calyx, is gradually established there
in the course of geological time, according to the law that asserts itself in the plurality of current
forms, we are led to ask if this is not, among the former, the last trace of a past mode of antique
conformation that will disappear by degrees, returning to the common rule of the modern fauna368.
We note at the same time that, in the genus Acrosalenia369, the calyx is in some way deranged, the
costal pieces, unequal in size, being separated by the radials contiguous to the central disk, and
that this one as if broken into irregular pieces, called supplementaries, but also, in other genera,
from Pseudosalinia up to Salenia, as the placement of the periproct becomes normal, the disk and
the costals are arranged conforming to the type of the group.
But, if it is with any degree of probability that we glimpse in the diverse dispositions of the
calyx of Salenians, vestiges of the passage from the exocyclic to the endocylic type; if it is true
that the derivatives of the latter, to the axis of the digestive canal retained in its vertical position at
the ventral pole by the dental apparatus fixed in the middle of a peristome with permanent contours
and at the dorsal pole by the solid belt of the calyx, are the forms in general eminently constant:
the Cidarids, which have borne down to us the stamp of their antique origin, the Diademas, the
Echinids proper, all of a remarkable stability of characters, it is not the same of derivatives of the
other type, that of exocyclics, with the periproct located in the unpaired interradial area and with
the axis of the nutritive system leaning toward the horizontal direction. In these, the transposition
of the anal opening from the dorso-central system to the interradial system had been, so to speak,
the signal of a multiple morphological work that had value to the faunas of the Secondary and
Tertiary periods up to ours, a number of varied and strongly characterized forms, and thanks to
which the class of Echinoidea has attained, in the type of Spatangids of present seas, a similar
organization, in which certain fundamental traits , to that of superior branches of invertebrates.
The digestive tube, as soon as it does not open vertically in the calyx, takes an extraordinary
mobility by which the periproct is found in the diverse genera in all points of the median line of
the unpaired interradius from the edge of the calyx to near the peristome. This mobility results in
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considerable changes in the general form of the body and its different parts, in particular in the
dorso-central system.
In Echinoconids, that, by their mouth armed and fixed to the center of the ventral surface, by
their circular or sub-pentagonal ambitus, and by the nearly decagonal dorso-central system, as in
so many other aspects, are exocyclic Echinids, the anal opening, far from being directed toward
the center of the calyx, far from being directed toward the center of the calyx, moves away from it
more and more as the period of appearance of the genus nears modern times. This is opposite to
what seems to have occurred in the Salenians. Seeing in Pygaster, the most ancient of all370, the
large longitudinal periproct, dorsal and sub-central, we would believe it had just passed across the
calyx We expect to see it break this last barrier in some species still undiscovered. Extended
backward and entirely filling the deeply notched unpaired area, it is found in immediate contact
with the deranged calyx in its constituent elements, whose costal 5 is no longer found371, In Pileus,
genus of the coral stage, with an upper, sub-marginal periproct, and in the Jurassic species of
Holectypus372, with a periproct far from the calyx, marginal or ventral, the costal 5 piece is there,
but lacks a genital pore. It becomes perforated again and the normal order reestablished in the
calyx of Cretaceous species of the latter genus, with a ventral and still more distant periproct. It is
the same in the Discoidea373 from the Cretaceous terrain, with a ventral periproct. Costal 5 is there,
imperforated in the species of the lower layers, perforated in those of the Turonian layers 374. The
reappearance of the genital pore announcing the resumption of the reproductive work of the
corresponding gland since its normal location, previously occupied by the rectum, has been
returned to it as a result of the retreat of the anal opening. Finally, in Echinoconus 375 with a
posterior, sub-ventral periproct, and in Anorthopygus, in which it is posterior and dorsal, both of
Cretaceous terrains, costal 5 has disappeared. We see thus that, in the group of maxillated
Echinoidea, the anal opening becomes, as a result of its retrograde tendency, to be placed finally
on the ventral surface in the manner of the anal tube of the Cystideans and Crinoidea, and that the
displacement of the periproct entrains the permanent or transitory suppression of the genital pore
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of costal 5, and even the total loss of this piece. Observe also, in the genus Echinioconus, that the
general form of the body, circular as it is in the great majority of the species, sometimes becomes
elliptical in species of the chalk.
The degree of this retrograde movement of the periproct is felt in the different parts that
compose the dorso-central system. The central disc and the placement of the madreporite are more
strongly influenced.
There is no special madreporite plate. The group of ramified canals forming the filter that
receives the water destined for the aquifer circulation and to which corresponds the interior of the
ampullar apparatus is installed, in the young Urchin, in the central disk or in one or several costal
pieces and is always found in all species. RÖMER observed in the calyx of Melonites multiporus
three pores to each of the five costal pieces, while MEEK and WORTHEN found a variable number,
four or five, in the different costals of an individual. For the calyx of Palaeoechinus elegans376,
BAILY indicated three pores to each costal, a number confirmed by KONINCK. All the observers
have taken these pores for genital pores. We are led, however, to regard several rather as

Transformations of the calyx.
1. Poteriocrinus geometricus GOLDF., after L. SCHULTZE. 2. Palaechiuus elegaus M'COY, after BAILY. 3. Cidaris papillata,
LESKE. 4. ïeniuopleiirus toreumaticus LESKE. 5. Echinocidaris nigra MOL. G. Diadema setosum GRAY. 7. Pseudosaleuia
tuberculosa COÏTEAU, after COTTEAU. 8. Acrosalenia pseudodecorata COTTEAU, after the same. 9. Pygaster dilatatus AGASS.,
after the same. 10. Galeropygus Marconi DESOR, after the same, 11. Hyboclypeus Theobaldi DE LORIOL, after the same. 12.
Pyrina icaunensis DE LOARIOL, after the same. 13. Pygurus depressus AGASS, after the same. 14 Clypeus Osterwaldi DESOR,
after the same. 15. Encope Valencienesi AGASS.
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madreporites the pores of the costals of the calyx of these Perischoechinids. If we consider as
madreporites, save for one exception, are always in considerable, but variable number, and that
they are never lacking in the calyx, while the genital pores, everywhere are single and are not
always present. If we recall the known case where the madreporite pores are widespread on all five
costals as in Discoidea conica DESOR377 and D. infera DESOR378, or on three of these pieces, 1, 2
and 3, as in Micropedina Cotteaui COCQ379. Whatever it is, in all the other genera in which the
disk, altered or intact, is the seat of the anal opening, the madreporite is lodged in the costal piece
2, the right anterior. It is different when the axis of the digestive tube is not vertical. Then, the
interior central space not being filled by the rectum, the madreporic apparatus extends there, as
much as the state of the calyx allows, to penetrate the central disk with its numerous pores, its
normal seat, and to even extend beyond, but always starting from costal 2 and erasing the suture
that separates it from the disk to the point even that the two parts are completely merged. It is the
case of Echinoconoidees, whose central disk is of a considerable size and a more or less distinct
pentagonal form in the genera Anorthopygus, Pileus, Pygaster380, Holectypus381, Echinoconus382,
while in the Discoidea383 it is smaller, too small even in some species to contain the madreporite,
so that of the four costals, which are exempt otherwise, each receives its part of it.
But this character of mutability that imprints itself on all parts of the test with the displacement
of the periproct, is manifested in a manner still more pronounced in the Edentates, reenforced as it
is in them by the tendency toward the front, even to the peristome without a dental system and in
the process of transformation from the first age of the individual. On the other hand, the retrograde
tendency of the periproct is evident. Among the Echinoneides, the genus Galeropygus 384 of the
lower Jura, with the periproct contiguous with the calyx like the genus Hyboclypeus385 of the lower
and middle layers while in Galeroclypeus , Desorella and Pachyclypeus, from less ancient layers,
it is separated by a greater distance. In Pyrina guerangeri COTTEAU of the Bathonian, it is very near
the calyx. In P. icaunensis COTTEAU, of the corallian, it occupies the middle of the upper surface
of the unpaired area, and in numerous species of the Chalk, it is nearly always pushed back to the
posterior surface. We know that it is ventral in the Echinoneus of our seas. Among the Cassidulids,
the species of the genus Clypeus with the periproct not far from the calyx predominates in the
lower layers of the Jura, while those that have it posterior are in the upper layers. It appears to be
the same in Echinobrissus. We notice also, in following certain genera numerous in species and of
a long geological duration, the successive appearance of these in different layers, that in general
in the genera that begin with round or circular forms, the longitudinal diameter of the test is
imperceptibly greater than the transverse diameter, so that most of the species of upper Jura or
Chalk are a little more elongated than the species of the same genera characteristic of more ancient
terrains. This appears to be the case with Galeropygus and Hyboclypeus among the Echinoneidids
of Clypeus and Echinobrissus among the Cassidulids. It is also the case in pyrmnodesmian
Spatangides of present seas comparatively to the prymnadetids of the Cretaceous period. Pygurus
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opposes, it is true, this apparently general rule. Its wide and sub-rostrate form with an inframarginal
posterior periproct, rigorously maintained since the first appearance of the genus in the lower
layers of the Jura up to the end of its existence in the Cretaceous period. But it would be possible
that the Liasic and infra-Liasic layers still contain generic precursor types that will invalidate this
exception one day.
The calyx of Edentates presents in its disposition, form and relative size of its constituent
elements considerable diversity. Costal 5, of an uncertain existence in Echinoconides, is
definitively suppressed there. The central disk is also present in many cases. When it is there, it is
often modified in form, compressed, more or less displaced, or split into two or more irregular
pieces. This division of the disk is seen only during the Jurassic period. In the Echinoneide
Galeropygus Marconoi386, whose periproct seems to have reduced the posterior part of the calyx,
the very wide disk is split in two and the madreporite is limited to costal 2. It is the same in the
strongly compressed calyx of Hyboclypeus theobaldi387 and in that of Pyrina guerangeri388 of the
Bathonian where the disk is entirely suppressed. In the latter of these genera, that continued to live
up to the Cretaceous period, the disk seems to appear again in the species of the upper Jura and the
Chalk, entire, merged with costal 2 and penetrated by pores of the madreporite389. In Cassidulids,
the disk is never totally suppressed. It is very large and occupied entirely by the madreporite in the
regular calyx of Pygurus390, with the periproct pushed backward. In Clypeus391, a small portion
seems to be detached from it posteriorly, the greatest part being given to the madreporite. In
species with a sub-central periproct, radials I and V are elongated to fill the space left by its retreat.
The multifidous division of the disk hardly shows in the genus Echinobrissus, in its Jurassic
species, usually those in lower layers with the periproct not far from the calyx while the disk is
entire in those from the Chalk where it is further back. As a general rule, every time the disk is
found divided, the madreporite is limited to costal 2 while, when the disk is entire, the madreporite
is found there. When the periproct is found near the calyx, it is deranged, a state from which it
returns as the periproct moves away from it in its normal retrograde movement. The test develops
longitudinally as the genus is maintained in the course of geological ages.
In the Collyritids we hardly find traces of the central disk. It has disappeared completely in the
Ananchytidids392. In both of these groups, the madreporite is in costal 2. It is not otherwise in the
less compressed, more or less rounded calyx of the great majority of essentially Cretaceous
Spatangids393, nearly all prymnadetids and in those of the genus Micraster394, only prymnodesmian
of this terrain. But, toward the end of the Cretaceous period is introduced a different disposition,
that appears to begin in the genera Prenaster and Macropneustes, to become predominant in the
Tertiary period and in the present time, in the Prymnadetids and Prymnodesmians. The central disk
reappears395. It completely separates costals 1 and 4 and radials I and V from each other. In
addition, in many recent forms396, while the four costals tend to group anteriorly in a more or less
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regular and bilateral manner, it is carried behind, outside the enclosure of the calyx, on the median
line of the back, between the two rows of the last plates of the unpaired interradius. The
madreporite fills with pores starting, as always, from costal two and erasing the suture that should
separate it from the disk. In some species, it even spreads to costal 3 and suppresses the genital
pore397 .
Finally, when with the Tertiary period, a new type, the last to come, is introduced in the Class
of Echinoidea, that of Clypeastrids, litoral or sub-littoral contemporaries of a Cretaceous fauna of
the then great oceanic depths. More vigorous than the declining aspect that still persists today, the
calyx seems to reach the end of its morphological role. Reduced in scope, simultaneously with the
increase of the ambulacra and the interradial areas, it emerges only weakly in the middle of the
dorsal surface, its greatest diameter has a mean of only 0.07 of that of the test, proportionally very
insignificant when we recall that in the Salenians it reached 0.87. The madreporite occupies it,
almost entirely with many pores in some, as in the genera Clypeaster398, Encope399, Mellita and
Rotula400, or partly as in some Laganums401. In others, it hollows out the surface with linear,
torturous and branched groove at the base of which open the pores, as in Laganum bonanni and
depressum402. In still others, as in Echinocyamus403, it is opened exteriorly only by a single very
large pore. But, in all genera, it always erases the costal sutures and even in several cases, those of
radial pieces, always subordinated. The disk, with the costals of equal size, penetrated to the
interior by its branched and radiating canals, has no special intimate relation between costal 2 and
the central disc that is so remarkable in the rest of the exocyclics. The pieces constituting the calyx
are modified in a manner that gives it a general starlike pentagon form, costal 5 being always
present, it seems, although often without the genital pore. But, because of a particular disposition
of its parts, difficult to understand, the corners of the calyx do not have the same direction in all
the genera. In Rotula404, the radials are located in projecting corners that consequently correspond
to the ambulacra, while the costals, of which 5 lacks a genital pore, constitute the reentrant corners.
In most of the other genera, on the contrary, the radials are found in the reentrant corners of the
calyx, merged with the rest of the latter, or distinct, although reduced nearly to simple borders of
the ocular pores. As for the costals, they extend toward the interradial areas to end, in Laganum405
and Echinocyamus406, at the single plate at its summit or to be inserted between the last plates of
their double row, as in Echinarachnius407, Encope408, Clypeaster409 and Mellita, and leave in the
three latter genera, genital conduit pores, apparently expelled by the madeporie, the first occupant
of the calyx.
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Thus is transformed, in the course of geological time, the dorso-central system of the
Echinoidea. While the ambulacral system, that of the immobile members, differentiates, becomes
more and more complex and thereby prevails over the others; while the perisomatic system
prepares to receive it and is extended in determining the general form of the test, the dorso-central
system is altered and narrowed. In general, every time a new type is added to the old ones, we see
erased one or the other of original traits that the calyx had in common with those of the Crinoidea,
its radial pentagonal form is disfigured, and its constituent parts shrink in regard to the dimensions
of the test, or even disappear in part. Not having an essential morphological role to fill, it is
modified in diverse ways and becomes broken up, appropriately to the different needs of the organs
of sense, reproduction, circulation and nutrition. But it remains in its place, even in the more recent
types, witness of this constancy of the laws of organization, thanks to which we recognize its
fundamental traits under all appearances. In the Cidarids, whose existence goes back to the remote
period when Agassizocrinus lived, with a central disk nearly without trace of the disappeared stem.
Among the Salenians, contemporaries of Marsupites, we still find, in all its obviousness, the typical
conformation of the calyx of Crinoidea. Later, and more and more, as the time of the appearance
of a genus is past, the endocyclic calyx decreases in extent. But, apart from the reworked disk, it
always reveals by its form, the number, the concentric disposition of the constituent elements, its
legitimate homologies. In the Maxillated exocyclics still, the calyx, strongly influenced by the
displacement of the periproct, is reestablished and is more or less reconstructed, and in the type of
the Clypeastrids themselves, the most recent of all, the calyx, reduced to the last point, and with
the mixed but complete elements, still retains some traits of its original radiate form. But, when in
the middle of an entirely new fauna, we see the type of Edentates emerge from a past where our
view is lost, the calyx, from the first of a subordinate size and made abnormal because of the
definitive disappearance of costal 5, that of the median line, more or less conforms to the elongated
ambitus of the test, and is arranged in a bilateral manner, the costal pieces and the radials tending
to be in pairs on both sides of a middle occupied or not by the central disc.
But whatever these diverse forms imprinted on the calyx of the Echinoidea by the
morphological work and by the mutual interplay of organs, there exists what is normal, that its
different parts hold together to forom a compact whole. It is there, truthfully, a trait of formation
so specific to the entire class, that we are astonished to see the Collyritids410 make an exception.
In these, the two radial pieces of the bivium, I and II, are pushed back and separated from the rest
of the calyx, from the four costals and the three radials of the trivium, which form a group of their
own, the central disk being nearly invariably suppressed. It is the observable elongation of the
calyx in some Echinoneidids and still more distinctly in the Ananchytids, pushed to the extreme,
up to dismemberment. Whatever be the disposition of the internal organs that requires this unusual
modification of the skeleton, it is evident that the perisosomtic system is there for many. Interradial
areas 1 and 4, instead of narrowing up to the summit, nearly maintain their greatest width up to the
median line of the back, in filling thus the interval left between the two parts separated from the
calyx and fuse there to each other by means of the last plates formed. This is a combination
completely foreign to the echinoid type and we are led to look elsewhere for the analog. Now, if
by thought, we make this enlarged state of the plates happen, not in areas 1 and 4 alone, but
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Imaginary transformation of Collyrites.

uniformly and simultaneously in all five areas of the perisome in a way to separate equally the five
radials joined to the five ambulacals and to isolate the five costals in restoring the unpaired as well
as the central disk in the middle. And if we make the ambulacra slightly protrude at the same time,
we will have a semblance of a Sea star. It is a purely imaginary development in regard to Collyrites.
It is real in the Asteridae.
In a very young Asterias glacialis L.411, 1.3 mm in diameter, coming to the end of larval
development with mouth open but without an indication of anal opening, the skeleton is composed
nearly exclusively of two systems, the ambulacral and the dorso-central. Each of the five
ambulacra still has only three pairs of elements in the form of transverse ossicles, analogous to the
ambulacral plates of the Echinoidea, united in the middle by a denticulated suture, and compressed
on two sides to leave, with those of the next pair, two flared interstices that are the tentacular pores.
The five first pairs of ossicles form together the pentagonal peristome. The third ones, barely
completed themselves, have already commenced to develop the fourth ones. The disposition of the
ossicles is everywhere identical and symmetrical in regard to a line passing through a median line
of any ambulacrum and the center of the peristome. The dorso-central system, the calyx, that
constitutes here the entire dorsal surface, is perfectly identical to that of a very young Echinid. In
the middle, the pentagonal central disk (a); around it, the five costal pieces (b, 1–5), recalling by
their form certain Salenians; and at the corner of the costals, the five radial pieces (c, I–V), arching
above the ambulacra and with the border of their summit notched for the reception of the eyes and
special organs of touch. The whole is covered with a transparent and very thin envelope412.
Regular as it is, this phase of development, which presents already in its ensemble, the future
form of the adult Asteroidea, is however only transitory, and very short in duration. Two
circumstances indicate it. The central disk is no longer exactly pentagonal. On its right edge, visà-vis costal 1, a loss of substance, slight but appreciable, is noted, analogous to that which has been
observed in very young Echinids413. The radial pieces do not touch perfectly the costal pieces, and
in the membrane that fills the very narrow space that separates them, a lamina (p), still extremely
small, of reticulated calcareous tissue is already formed. The first rudiment of the perisomatic or
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interradial system, destined to constitute soon the greatest part of the body, is barely sketched out.
We are convinced of this in a small individual of 1.3 mm. We compare it to another of the same
species, but still larger, 2 millimeters414, with seven pairs of ambulacral ossicles freely developed,
without any encumbrances, with arms simultaneously and uniformly extended in such a way that
the radials have remained in their definitive places above the summits of the growing ambulacra.
On the dorsal surface of each arm, we see at the place of the narrow slit in the individual of 1.3.
mm, a considerable distance separating the costal and radial pieces. Instead of the small lamina of
reticulated calcareous tissue, we note in the membrane filling this distance, three series of
elongated calcareous plates armed with rudimentary spines, one median width three platelets and
two laterals, each with two. At the same time, the central disk is sensibly retarded in its growth, to
no longer fill the pentagonal space, and the notch of its right posterior edge is a little more marked.
In then transferring observation to a third individual, twice the size of the second, 4.5 mm415, we
see the enormous development of the perisomatic system. Here, the arms are considerably
elongated and the three longitudinal series of plates, the median of which has six or seven, joining
by extensions from the transverse series, beginning to form the complex network of the adult. In
each arm, two pairs of respiratory tentacles (t. r.) have made their appearance. The costals that, in
still younger individuals are covered with their transverse lamina, are at the point of separating.
They still preserve almost perfectly their original form416. In the interior we note a longitudinal
crest ending in a protruding and rounded point. But in one of them 417 we recognize the analog of
costal 2 of the Echinoidea. It is a little wider than the others. The madreporite comes to open there
in the form of a small arched fissure, to which corresponds, on the internal surface, a single pore,
at the bottom of a sinuous depression. The central disk has become proportionally still smaller and
irregular, considerably resorbed on the posterior right side It is found isolated in the middle of the
enlarged space, still circumscribed by the bases of the costals but at the point of filling with a
perisomatic network of elongated platelets. The anal opening is still not there. It exists only in
individuals having attained at least six to eight millimeters. The dismemberment of the calyx is
still continuing. It is easy to be convinced of this by observing individuals of different sizes. We
have seen that the radials were the first to be separated, carried away to the ends of the rapidly
elongated arms. Now the costals separate more and more separated from each other. In the middle
of the space, always with a pentagonal form, remains the central disk, sharply cut off at its posterior
right edge. This is the perisomatic system, more and more expanded by the development of the
network of the mesh of platelets in the middle of the constituent elements of the calyx, once so
clearly joined, forces their separation. We see five principal meshes that separate them by the
elongation of their platelets, stretched between the disk and the five costals as between themselves.
In one of these meshes, slightly dilated, the anal opens from within, surrounded exteriorly by
granular tubercles. In the Asteriadae, oriented like the Urchins, it is on the line passing through
ambulacrum I and interradial 3 that it is definitively placed. In the genus Astracanthion of
JOHANNES MÜLLER and TROSCHEL, the costal pieces, although far from each other and having
taken a wider form, are easily seen, even in very large individuals. In other genera, they seem lost
in the multitude of diversified platelets of the perisomatic system. But we nearly invariably find
them, in taking as point of reference the piece with the madreporite, with which they form a regular
pentagon, which allows distinguishing other pentagonal figures according to which the plates of
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the perisome are arranged. This is how they are found in Scytaster variolatus RETZIUS, in their
places, vis-a-vis the interradial corners, but otherwise rather similar to the other dorsal plates.

Dorso-central region. 1. Asterias glacialis L., view from the interior; 2. The same, view from the exterior; 3.
Scytaster variolata RETZ.; 4. Stellaster equestris RETZ.; 5. Astrogonium ornatus M. and T. The contours of the
costalsofare
strongly
marked. we see the central disk, very large, but sharply cut off at its
Near disk
the and
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their
pentagon,

posterior right edge to provide the space necessary for the anal opening. It is not different in
Stellaster equestris RETZIUS and Astrogonium ornatum M. and T. Resorption of the central disk is
the same, but the five costal pieces have the appearance of being split: in the first, into three parts,
so that the madreporite is embedded in it; in the second, into four parts, of which one, in the center
of the group, is occupied by the madreporite. In these species, as in all the others, it is easy to be
convinced that the plates of the perisome, in displacing and dismembering the elements of the
calyx, are arranged in very regular pentagons, constituted of isolated or grouped plates. Taking
this circumstance into account, we see that in the slightly dilated space with the anal opening, is
often found a supernumerary platelet inserted vis-à-vis costal plate 1. Now, this is precisely the
place that is occupied, in the very young Echinid418, by the first platelet formed in the opening
between this costal and the edge of the central disk from resorption, in the same direction, of the
edges of these two pieces. This resorption is soon directed toward the edge of radial I, vis-à-vis of
which is finally placed the anal opening. The formation of this opening operates thus by a process
perfectly identical in the Asteriadae of the type shown in the genera cited, and in the Echinids of
the type that Toxopneustes can serve as an example. In the Sea star, it is the perisome that makes
418
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part of the membrane in which is produced this solution of continuity that permits suggesting that
in the Urchin also, the perisome furnishes the anal membrane, incrusted with secondary platelets
that replaces the central disk. There is, in fact, in both classes, the same endocyclic type and, in
the vertical axis of the organs of nutrition, a slight deviation in direction at the dorsal pole in the
same line.
There can be no doubt therefore about the homology of the central disk in these two classes. It
is no less certain that the costals and the radials of both are typically the same. Each of these three
constituent parts of the dorso-central system are modified also, both in the same way and under
the same influences. It is true that the efferent ducts of the reproductive organs in Echinoidea,
sometimes uncertain, in the costals, are relegated definitively in the Asteriadae to the interradial
perisome. But, in the Sea star as in the Urchin, while the central disk, completely formed very
early, is reduced in ceding to the development of the organs of nutrition. It is the same costal piece
that is appropriated to the needs of water circulation. In both, the radials, become ommatophores,
remain single above the summits of the ambulacra. It is complete agreement, evident in the early
age of the Asteriadae, disguised but perfectly recognizable in the adult. There is, between the
dorso-central system of the Asteriadae and that of the Echinoidea, considered in its entirety and in
its relations to other systems of the test, a similarity of structure and a conformity of modifications
that indicate the unity of its original morphological plan.
Similarly, if we compare the ambulacral system on both sides, we recognize that it has some
major conformational traits in common: the double row of transverse ossicles that provide passage
to the tentacular vessels embedded in the perisome and growing, independently of it by the addition
of new ossicles at the top, sheltered under the radial. The perisome, finally, while being much
greater in the Asteriadae, contributes in both in an analogous way to the determination of the
general form.
Of the five major types of Echinoderms that seem to have coexisted in the most remote period
of geology as they do today, it is the Asteriadae that are most intimately linked to the type of the
Echinoidea. We could say that the transient anomaly of the Collyritides indicates this. But of all
the echinoderms, the Echinoidea are distinguished by important characters. Their integumentary
skeleton is a globular test, normally rigid. Three systems constitute it. The dorso-central system,
the compact calyx, typically compact during the entire life of the individual. The ambulacral
system of five immobile arms extending from the buccal pole to the dorsal pole, following the
curvature of the test to touch the radials of the calyx. Its plates, with normally geminate pores, is
arranged asymmetrically in a determined and constant relationship with the anterio-posterior axis,
the whole divided into a trivium and a bivium. The perisomatic system, the test, which has the
ambulacra, normally has, in the present world, two rows of typically hexagonal plates in each of
its interradial areas. In Paleozoic forms, there were several of them. The mouth, opening very
early, is always below on the ventral surface. The anal opening, which is produced by local
resorption of already formed calcareous substance of the test, is located, in the various genera, at
all points from the center of the calyx to near the mouth following the midline of the unpaired
interradial area. There are Echinoidea with a mouth with teeth and others without. In the first
original Paleozoic type, the ambitus is normally circular. The mouth, with the interior fixed
supports of the dental apparatus, retains its original or decagonal form, remaining during all the
life of the individual in the center of the ventral surface. The test is divided normally in equal parts
between the ambulacra of the trivium and the bivium, as between the interradial areas. The calyx,
periproctal or not, normally has five costals and preserves, even in recent genera, traces of the
concentric disposition of its constituent parts. The ambulacra are all standard. These are: the

Cidarids, Echinoidea par excellence, the most ancient of living types, with the digestive axis
exactly vertical, with a text flexible in the buccal region, according to the imbrication of the plates.
— It was entirely so in some Paleozoic Perischoechinids and still in Asthenosoma, — with spines
developed into powerful mobile supports; the Echinids, with a fixed limit of the corona, appearing
in Mesozoic times; the Salenians, having a calyx of a great area and a crinoidean aspect, with an
intact, pentagonal disk, perforated or not by the periproct; the Diademians, having a disk normally
replaced by a longitudinally elliptical periproct, covered with a bare membrane with a central anal
tube; the Echininians or Echinids proper having the disk modified into a membrane incrusted with
platelets, filling the oblong periproct with the anus eccentric in the direction of the radial I; the
Echinoconidids, which are exocyclic, having the periproct found, in the various genera, anywhere
on a line between costal 5 and near the mouth; finally, the Clypeastrids, the most recent of all the
types, having the constituent parts of the calyx more or less merged, with petaloid ambulacra
winning on the perisome, with a flat body tending toward the bilateral form, with very small spines,
ordinarily club-shaped, radiating. — In the edentate Echinoidea, which appeared in the Secondary
period, the ambitus is typically elliptical. The peristome, originally pentagonal, is transformed
during the growth of the individual and, free of the dental apparatus, is carried toward the anterior
part of the ventral surface, which is formed principally by the unpaired interradial area and the
ambulacra of the bivium. The anal opening is in the unpaired area, on the median line. The calyx,
always of a subordinate size, and whose central disk is of uncertain appearance and variable, has
only four costals arranged in pairs. The ambulacral system tends to become bilateral. These are the
Echinoneidids, nearly extinct, with a twisted, subcentral peristome, with apetalous ambulacra and
a nearly standard interradial area, with the axis of the perisome diverging from the anterio-posterior
axis, with the periproct located variably, even ventrally; then the types with the peristome anterior,
with the axis of the perisome coinciding with the two axes, the anterio-posterior and that of the
length: the Cassidulids, not numerous in the living world, have nearly standard ambulacra, subpetaloid, with the periproct dorsal or posterior, with similar interradial areas having larger ventral
plates, with a transverse peristome with prominent interradial edges; the Collyritids, extinct for a
long time, had a dismembered calyx with standard ambulacra, with subcircular perisome, dorsal
posterior periproct; The Ananchytids are also extinct, with a compact and compressed calyx,
rounded peristome, subpetaloid ambulacra, the unpaired beginning to differentiate from the others,
the interradial area 1 heteronomous, and the unpaired area tending toward the formation of a
sternum; finally, the Spatangids, which reach their highest degree of development in the present
period, with an elongated body, transverse peristomal lips surmounted with the unpaired
abulacrum become frontal, the interradial area 1 heteronomous, the unpaired forming a very
developed sternum, with a posterior periproct, with spines in the form of bristles directed
backwards. This is the organization of Echinoidea modified in the direction of higher invertebrates.
Such are the principal types of external conformation on which rests the class of Echinoidea.
Summarize them briefly here. Refer for details to the studies discussed here. It is enough to sense
how many unknown facts are still to be discovered and known facts to be reexamined.
__________
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Plate I.
Brissopsis lyrifera (FORB).
Fig. 1. Adult individual in the living state. Natural size.

SPHAERIDIA.
Fig. 2–7, Echinocardium cordatum (PENN).
Fig. 8–9, Maretia planulata (LAMK.).
Fig. 10, Brissopsis lyrifera (FORB.).
Fig. 11, Amblypueustes griseus (BLV.).
Fig. 12–13, Loxechinus albus (MOL.).
Fig. 14–15, Meoma ventricosa (LAMK.).
Fig. 16, Brissus scillae AGASS.
Fig. 17, Brissopsis lyrifera (FORB.), broken.
Fig. 18–19, Echinocidaris nigra (MOL,.).
Fig. 20–22, Spatangus purpureus O. F. M.
Magnification of 100 to 150 diameters.

__________

Plate II.

SPATANGIDS.
Sphaeridia. Nervous system.

Spatangus purpureus O. F. M.
Fig. 23–26. Sphaeridia.
Brissopsis lyrifera (FORB.).
Fig. 27. Sphaeridia in the living state.
Fig. 28. Peristomal region of a barely adult individual, seen from the interior. Inside the peristomal pentagon, the
mouth in the form of a transverse slit with ridged lips and the buccal membrane with irregular hexagonal or
heptagonal platelets. The aquafer system forms all around the soma a pentagonal ring giving off at each of
its corners and for each ambulacrum (I–V), a large vessel (v. a.) with ampules (amp.), from which leave
branches that go into the pores to reach the tentacles. Below the aquafer system, the nerve ring gives a
filament to the lips. From its corners arise the great nerve trunks (n) that run the length of the median suture
on the internal surface of the ambulacra in furnishing to each plate one or two nerves, each going to the
corresponding pore to be embedded there with the aquafer vessel. To the peristomal plates of I a, II a, III b,
IV a, V b are given two nerves and two vessels.
Fig. 29. Part of the first plate b with two pores of ambulacrum III, seen from the interior under higher magnification.
The first branch of the aquafer vessel (v. a.) has been cut so that the nerve alone (n.) is seen penetrating into
the pore, while the second pore is penetrated by the aquafer vessel and the nerve. The ampule has been
removed.
Fig. 30. Ambulacral plate I a 3, seen from the exterior. The single tentacle (t), digitiform, surmounting its pore (p.);
the nerve (n.) leaving it and ramifying below the transparent dermal layer in a large number of filaments
diagonally traversing the plate.
Fig. 31. Part of the same plate treated with acetic acid and chromic acid. The calcareous substance having been
dissolved, the layer of connective tissue (t. c.) has been removed to put in view the path of the peripheral
nerve filaments with the ganglionic elements. Drawn with the aid of Hartnick’s system 10, immersion.

__________

Plate III.
SPATANGIDS.
Asymmetry of the ambulacral system. Order of appearance of the sphaeridia. Transformation of the peristome.

Brissopsis lyrifera (FORB.).
Fig. 32. Peristomal region of a very young individual. Peristome nearly pentagonal, the mouth in the middle of the
buccal membrane. The first sphaeridia (sph.) on the ambulacral plates I, unipores of series I b, II b, III a, IV
b, V a. Compare plate V, fig. 46. Hemiaster expergitus n.
Echinocardium flavescens (O. F. M.).
Fig. 33–35. Peristomal region at different very young ages — nearly adult. The peristome at first pentagonal takes a
nearly kidney-shaped contour. The mouth is moved posteriorly at the same time. Successive and
alternating appearance of the sphaeridia on plates 1, unipore of series I b, II b, III a, IV b, V a on plates
1, bipore of series I a, II b, III a, IV b, V a, on plates 2 of series I b … V a, on plates 2 of the series I a …
V b, etc.
Fig. 36. Location of the first sphaeridia in a very young individual.
Fig. 37. Contours of five individuals of different individuals, growth being greater in the posterior part. The mouth is
near the center in the very young.
Echinocardium cordatum (PENN.).
Fig. 38. Location of the spheridium in plate 1, bipore, of I a.
Palaeostoma mirabile (GRAY).
Fig. 39. Peristomal region of a young individual.
Maretia planulata (LAMK.).
Fig. 40. Location of the sphaeridia.

__________

Plate IV.
SPATANGIDS.
Asymmetry of the ambulacral system. Location of the sphaeridia.

Faorina chinensis GRAY.
Fig 41. Peristomal region.
Moira atropos (LAMK.).
Fig, 42. Peristomal region. In both, the peristomal plates of I b and II a, IV b and V a are contiguous in a way to
exclude from the peristome plates1 of the interradial areas 1 and 4.
Brissns scillae AGASS,
Fig. 43. Peristomal region. Sphaeridia (sph.) located, as in the preceding in narrow longitudinal hollows.
Lovenia elongata GRAY.
Fig. 44. Part of the peristomal plate of I a, with the protuberance enclosing the sphaeridium (sph.).
Fig. 45. The open protuberance allows the sphaeridium to be seen.

__________

Plate V.
SPATANGIDS. ANANCHYTIIDS.
Asymmetry of the ambulacral system. Location of the sphaeridia.

Hemiaster expergitis LOV.
Fig. 46. Peristomal region of a very young individual; and
Fig. 47. Same part of a nearly adult individual. Compare with figures 32 and 35–35 of Plate III.
Plagionotus pectoralis (LAMK.).
Fig. 48. Peristomal region with multiple sphaeridia (sph.) located in narrow hollows.
Fig. 49. Plate 2 of III b, its pore with enclosoure and hollow with sphaeridia.
Fig. 50. Hollow with mamelons of the sphaeridia of plate 3 of V a.
Ananchytes sulcata GOLDF.
Fig. 51. Peristomal region.
Fig. 52, 53. Pores.
Fig. 54. Peristomal region.
Holaster suborbicularis (DEFR.)
Fig. 54. Peristomal region.

__________

Plate VI,
COLLYRITIDIDS.
Asymmetry of the ambulacral system.

Collyrites acuta DESOR.
Fig. .55. Peristomal region; the sutures, not distinct, have been indicated by dotted lines.
Fig. 56, 57. Pores and mamelon.
Collyrites elliptica (LAMK.).
Fig. 58. Part of the peristomal region, with pores and perfectly distinct sutures. The first plate of II a, III b, IV a bipore,
those of II b, III a, unipore.
Fig. 59. Peristomal region of another specimen, having very distinct pores. The sutures, little visible, are indicated by
dotted lines.
Collyrites dorsalis AGASS.
Fig. 60. Peristomal region of a specimen with weakly visible sutures, indicated by dotted lines.

___________

Plate VII.
CASSIDULIDS.
Asymmetry of the ambulacral system. Location of the sphaeridia.

Cassidulns caribaearnm LAMK.
Fig. 61. Peristomal region of a very young individual; with sub-pentagonal peristome, whose ambulacra occupy more
area than the interradial plates. Four sphaeridia still uncovered. First plates of ambulacral rows I a, II a, III b,
IV a, V b, bipore, those of I b, II b, III a, IV b, V a, unipore.
Fig. 62. First place of ambulacrum I, an individual still younger. Sphaeridium I b, the first formed, larger than that of
I a, which comes later.
Fig. 63. Peristomal part of ambulacrum I. Seven sphaeridia, of which the first two are nearly covered by the overgrowth
of the test, the third still partly visible, the fourth and fifth surrounded by the edges of the superficial layer
always in the process of growing, the sixth still uncovered, the seventh, that of Plate 4 of I b at the point of
appearing.
Fig. 64. Same part. The sphaeridia are more or less completely hidden under the overgrowing layer.
Fig. 65. Interradial plate of the sternum of a young individual, showing the beginning of the overgrowth.
Cassidulus eugeniae LOV.
Fig. 66. Peristomal part of ambulacrum V. Eight sphaeridia, hidden following the very order of their appearance.
Species from the Galapagos Islands.
Cassidulus paciflcus A. AGASS.
Fig. 67. Peristomal region of an adult individual, with phyllode completely formed.

__________

Plate VIII.
CLYPEASTRIDS.
Sphaeridia. Asymmetry of the ambulacral system.

Encope valenciennesi AGASS.
Fig. 68. Part of the peristome with ambulacra I and II and the interradial area 1. In ambulacrum I, the test has been
broken to show the single spheridium (sph.). In ambulacrum II, the mamelon (mam. sph.) remains alone at
the bottom of the open cavity.
Mellita hexapora (GM.)
Fig. 69. The sphaeridia of ambulacrum I, seen by transparency.
Laganum depressum Agass.
Fig. 70. Peristome with the pores of the large buccal tentacles.
Fig. 71. Median protuberance open showing the single sphaeridium.
Echinarachnius parma (LAMK.)
Fig. 72. Longitudinal section by the median suture of an ambulacrum, with the sphaeridium in the cavity, which
appears divided in two by a vertical membrane. The buccal tentacle (t.) is partly extended.
Rotula dentata (LAMK.)
Fig. 73. The single sphaeridium at the bottom of an open cavity, with a rim of projecting prominences.
Clypeaster rosaceus (L.)
Fig. 74. Peristomal part of ambulacrum III. The location of the hidden sphaeridium in each of the two rows is indicated
by the lines marked sph.
Fig. 75. The same part of the same individual. The test has been broken vis-à-vis the sphaeridia, which are seem at the
bottom of their cavities.
Fig. 76. Vertical longitudinal section across plate III b, showing the sphaeridium in its cavity in the test.
Arachnoides placenta (L.)
Fig. 77. Peristome formed of ambulacral plates excluding the interradial areas. Asymmetrical order of the disturbed
ambulacra, plate IV a being smaller than IV b. Compare with figures 247–250, pl. LI. See in addition pag.
34. Sphaeridia uncovered in the median groove of ambulacrum III.
Fig. 78. Peristomal part of ambulacrum III. Median lamina bilobed, narrow. Sphaeridium III has been made visible
by piercing the test.

__________

Plate IX.
ECHINONEIDIDS.
Sphaeridia. Asymmetry of the ambulacral system.

Echiuonens cyclostomus ],AMK.
Fig. 79. Ambulacrum III (reverse). Four sphaeridia.
Fig. 80. Peristomal region seen from the exterior, the mouth in the middle of the buccal membraned paved with
pentagonal platelets, hexagonal, irregular. Peristome twisted in the direction of the interradial areas 2 and 4
that enter there by two plates. The three others have only one. Compare Fig. 83. Peristomal plates of
ambulacra rows I a, II a, III b, IV a, V b, bipores. Those of series I b, II b, III a, IV b, V a, unipore
Fig. 81. Peristomal part of ambulacrum V seen from the interior. We thought we saw a suture dividing the first plate
of b in two.
Fig. 82. Peristomal region, seen from the interior. Arrangement of the ambulacral plates by triads.
Echinonens semilunaris (GM.)
Fig. 83. Spread-out skeleton, seen from the interior. Transformation of the triads.

__________

Plate X.
ECHINIDS.
Location of sphaeridia.

Toxopneustes drobachensis (0. F. M.)
Fig. 84. Peristomal part of ambulacrum I, showing six sphaeridia alternating on the two sides of the median suture.
Phase intermediary between figures 146 and 147, pl. XVII, the left row, a of series I a, II a, III b, IV a, V b,
corresponding to row III b these figures and those of right I b of series I b, II b, III a, IV b, V a, with row III
a of the same figures. The spheridia have the numbers of order 3, 4, 5, 6, 7, 8.
Fig. 85. Detached sphaeridium, more enlarged.
Echinometra vanbruuti AL. AGASSIZ.
Fig. 86. Peristomal part of the ambulacrum I, with its sphaeridia.
Fig. 87. Three sphaeridia, more enlarged.
Temnopleurus toreumaticus (Leske).
Fig. 88. Peristomia part of row a of ambulacrum III, showing the sphaeridia (sph.) located at the opening of the holes
in in the corners of the compound plates.
Astropygra venusta VERRILL.
Fig. 89. Peristomal part of ambulacrum I. The sphaeridia located between the large mamelons and the tentacular pores.
Fig. 90. Spheridium and two pores. More enlarged.
Echinocidaris nigra (MOL.)
Fig. 91. Peristomal part of ambulacrum III. The single sphaeridium located in a bare niche in the median suture.
Fig. 92. The sphaeridium in its niche. More enlarged.

__________

Plate XI.
SPATANGIDS. ANANCHYTIDS. COLLYRITIDS.
Different characters of the dorso-central system (apical apparatus) in ancient genera and in those of Tertiary and recent times.

Hemiaster expergitis LOV.
Fig. 93. Dprso-central region seen from the exterior, and
Fig. 94, the same seen from the interior. The part occupied by the madeporite, formed by the central disk and the right
anterior genital plate, separated from the interradial area by the genital plates 1 and 4 and the ocular pieces of
the bivium, contiguous on both sides. Young individual whose genital pores (p. gen.) have barely begun to
penetrate their pieces.
Micraster coranguinum (LAMK.)
Fig. 95. The piece with the madreporite separated from the unpaired interrradial area by the ocular pieces of the
contiguous bivium.
Holaster suborbicularis (DEFR.).
Fig. 96. Elonaged system. The piece with the madreporite brought forward and separated from the unpaired interradial
area by the lateral ocular pieces, the genital pieces 1 and 4 and the ocular pieces of the bivium, all contiguous
on both sides.
Ananchytes sulcata GOLDF.
Fig. 97. Same arrangement of parts.
Collyrites elliptica (LAMK.).
Fig. 98. Same arrangement, but the system is disjointed, the bivium with its ocular pieces being distant from the
trivium by the extension in width of interradial areas 1 and 4.
Abatus philippii LOV.
Fig. 99. Recent genus, to compare with Hemiaster, from which it differs greatly by the arrangement of the apical
system, the large piece with the madreporite of this system in contact with the unpaired interradial area
separating on both sides between them the genital pieces 4 and 1 and the oculars V and I.

__________

Plate XII.
SPATANGIDS.
Arrangement of the dorso-central system characteristic of recent and Tertiary genera.

Brissopsis lyrifera (FORB.).
Fig. 100.Apical region, seen from the exterior and
Fig. 101, the interior, and
Meoma ventricosa (LAMK.).
Fig. 106. Types of system in recent genera, with a riddled central disk, always in relation with the anterior right genital
piece, elongated posteriorly, separating between them not only the genital and ocular pieces of the two sides,
but also the last plates of the unpaired interradius.
Echinocardium cordatum (PENN.).
Fig. 107. Same arrangement, unpaired ambulacrum with entire plates and demi-plates grouped in an irregular way (?).
Fasciole (fasc.) crossing the sutures of the test, showing the lines of breaking, two sides of which the series
of small mamelons with clavules take a different direction.
Schizaster fragilis (DUBEN AND KOREN.).
Fig. 102. Same arrangement of the parts. Three genital pores, the right genital piece being taken over by the
madreporite.
Palaeostoma mirabile ((GRAY).
Fig. 103. System seen from the exterior, and
Fig. 104. from the interior. Two genital pores only. Young individual shows pieces of the system are not distinct.
Palaeotropns josephinae LOV.
Fig. 105. Two genital pores. Apetalous ambulacra, uniform, with plates alternating but forming a single series.

__________

Plate XIII.
SPATANGIDS.
Species. Fasciole.

Palaeotropus josephinae LOV.

Fig. 108.Ventral surface.
Fig. 109. Dorsal surface.
Fig. 110. Left side.
Fig. 111. Posterior end.
Fig. 112. Buccal membrane.
Fig. 113. Anal membrane.
Hemiaster expergitus LOV.
Fig. 114. Ventral surface.
Fig. 115. Dorsal surface.
Fig. 116. Right side.
Fig. 117. Posterior end.
Fig. 118. Anal membrane.
Fig. 119. Mamelon.
Fig. 120. Ambulacral pore.
Agassizia scrobiculata VAL.
Fig. 121. Part of fasciole passing above the mamelons.
Brissus scillae AGASSIZ
Fig. 122. Part of fasciole having slits to the mamelon and a tentacular pore.

__________

Plate XIV.
ECHINOCONIDS.
Asymmetry of ambulacral system

Holectypns depressns COTTEAU.
Fig. 124. Peristomal region, and
Discoidea conica DESOR.
Fig. 125, same part, showing, in both, the difference between the two series I a … V b and I b … V a, the rows of the
first series has two plates before the first triad, while those of the second have only one.
Ecbinoconus coniens BREYN.
Fig. 126. Peristomal region with very distinct pores, but with obliterated sutures.
Fig. 127. Pores of ambulacrum III.
Echinoconus rhotomagensis AGASSIZ.
Fig. 128. Peristomal part of ambulacrum I showing the triads.
Fig. 129. Same ambulacrum showing the transformations of the triads.

__________

Plate XV.
CASSIDULIDS.ECHINONEIDIDS. ECHINONIDS.
Dorso-central system

Cassidulus eugeniae LOV.
Fig. 130. Sutures of indistinct genital pieces. Madreporite pores distributed on the greatest part of the system. Genital
pores in large part located in the interradial areas.
Echinonens cyclostomus LAMK.
Fig. 131. Apical pieces with obliterated sutures. Madreporite pores distributed on the part corresponding to the central
disc.

Holectypus depressus COTTEAU.
Fiiî. 132. Five genital pieces, of which only four are perforated. The right anterior merged with the disk having the
madreporite.
Discoidea conica DESOR.
Fig 133. Five genital pieces, of which only four are perforated by the conduits of the reproductive organs. The
madreporite pores are distributed on all the five pieces, of which the right anterior, representing at the same
times the central disk, is larger than the other.
Echinoconus conicus BREYN.
Fig. 134. Four genital pieces. The anterior right is united with the central disk, riddled with madreporite pores. In the
three figures 132, 133, 134, we see that the last formed ambulacral plates are all before the row of triads.

__________

Plate XVI.
CLYPEASTRIDS.
Dorso-central system. Apical system

Rotula dentata (Lamk.).
Fig. 135. Apical system elevated, star-shaped, with ocular pores in the protruding corners, the four genital pores at
reentrant corners on the vertical edge. Madreporite pores distributed on all the system, five lines between
the ocular pores and the center excepted.
Clypeaster rosaceus (L.).
Fig. 136. Star-shaped system, with the ocular pores in the reentrant corners and the protruding corners between the
last interradial plates. Five genital pores far from the system, located in the sutures of the interradial areas,
toward the third or fourth plates. Madreporite pores distributed on all the surface of the system, in groups
of diverse forms and more or less dense.
Laganum depressum LESS.
Fig. 137. Pentagonal system; the corners projecting, with five genital pores joining end to end to the last single
triangular plates of the interradial areas. Compare fig. 236, pl. XLV. Ocular pores in the middle of the
concave sides of the pentagon, marked with a small prominence. Madreporite pores at the bottom of a
sinuous and ramified groove, occupying the middle of the system. This groove is much more complicated
in Laganum bonanni.
Laganum stelliferum LOV.
Fig. 138. Star-shaped system, the protruding corners, of which four are occupied by the genital apertures joining the
last unpaired interradial plates, wedge-shaped, pointed. Ocular points at the bottom of the reentrant corners.
Madreporite pores distributed on the three anterior pieces.
Echinocyamus pusillus (O. F. M.).
Fig. 139. System merged with the rest of the dorsal surface. Madreporite reduced exteriorly into a single rather large
pore (madr.).

__________

Plate XVII.
ECHINIDS.
Structure of the test. Growth of the ambulacra, appearance and fall of the sphaeridia.

Toxopueustes droebachensis (O. F. M.)
Fig. 140. Spread-out skeleton of a very young individual of 4 mm. I, II, III, IV, V: ambulacral system. 1, 2, 3, 4, 5:
interradial perisomatic system. The dorso-central system, the apical system, remains suspended to the end
of interradial area 2; d. c., its central disk still rather large, in the periproct already flared out from the side
of I; 1, 2, 3, 4, 5, its genital pieces; I, II, III, IV, V, its ocular pieces. At the center of buccal membrane are
the five pairs of free plates. We see the mouth with its five teeth. The two pentagons inscribed in the Stomia
are divided by the line α– ω into two equal and symmetrical parts.
The following figures 141–147 show the transformations of the anterior ambulacrum III, during the
growth of the Urchin. 1, 2, 3 etc., the first plates and tentacular pores. 1, 2, 3 etc. major compound plates.
1, 2, 3 etc. sphaeridia. 1, 2, 3 etc. mamelons.
Fig. 141. Individual of 3 mm. The tentacular pores arranged in nearly intact original arcs. Two sphaeridia.
Fig. 142. Individual of 6 mm. The tentacular pores arranged in secondary arcs. Four sphaeridia, 1, 2, 3, 4. The
depressed peristomal plates. The mamelon I in a I, very reduced.
Fig. 143. Young individual, a little larger. The more depressed peristomal plates, in a I the two primary plates are
merged into one. The sphaeridium I has disappeared, the 5 has just appeared. Mamelon I in a is very
diminished, that of b is reduced.
Fig. 144. Individual a little more advance. In a, the compound plates 1 and 2, are merged into a single binary peristomal
plate; in b, the suture of the primary plates has disappeared. Mamelon I is no longer there; that of b I has
diminished more.
Fig. 145. Individual of 11. The compound plates 1 and 2 are merged into one. Mamelon I disappeared in b, as in a. In
this individual, as in that of the following figure, compound plate 3 consists only of three primary plates.
Fig. 146. Individual of 15 mm. The binary compound plates 1+2 depressed. Sphaeridium 2 has disappeared. 6 and 7
just appeared. Mamelon 2 diminished.
Fig. 147. Individual nearly adult of 52 mm. Compound plates 1, 2 and 3 of the two rows, merged into ternary plates.
A new sphaeridium 8, is formed. In b, it seems, still remains a mamelon.
Fig. 148. The stroma of a very young individual of only 2 mm. Among the ten free plates of the buccal membrane,
those of I a, II a, III b, IV a, V b still do not have pores. A single sphaeridium in each ambulacrum, I b …
V a.
Fig. 149. Uncertain species of the seas of the north; very young individual of 0.6 mm, seen from the ventral surface;
the patches of pigment being omitted, and the spines cut. Nothing remains of the larva. No trace of jaws,
buccal or anal opening. Five large primordial tentacles of transitory existence. Inside them five pairs of
smaller, permanent tentacles, each located above one of the ten lamina of reticulated calcareous tissue, first
presumptive rudiments of interradial plates. From an individual preserved in alcohol.
Fig. 150. One of the large primordial tentacles with terminal disk, with its reticulated calcareous ring. Longitudinal
and circular muscles in the wall of the tube.
Fig. 151.Part of a calcareous lamina with pore p, above which is the permanent tentacle.
Fig. 152. One of these tentacles.

__________

Plate XVIII.
ECHINIDS.
Asymmetry of the ambulacral system. Peristomal region in six different genera, its posterior bay, that of the unpaired interradial area 5, obviously
deeper than the others. — In each figure the greatly enlarged ambulacrum III, taken from the same individual or another of the same species.

Amblypneustes ovum (LAMK.).
Fig. 153. Detail taken from another individual of the same species.
Temnopleurus toreumaticus (LESKE).
Fig. 154. Detail of the same individual
Echinotrix turcarum PETERS.
Fig. 155. Detail of the same individual
Echiuocidaris puuctulata (LAMK.).
Fig. 156. Detail of another individual.
Echinometra lucunter (L.) LÙTKEN
Fig. 157. Detail of another individual. The long axis of the test and the vertical plane of its curve indicated by the line
(Axe. — long.), passing through ambulacrum I and interradius 3.
Colobocentrus atratus (L.).
Fig. 158. Detail taken from the same individual. The transverse longitudinal axis.
In all these figures, counting from the first pair of pores, even when they are reduced to simple
notches on the peristomal edges, the pores of rows series I a, II a, III b, IV a, V b, are arranged by groups
of 2, 3, 3 etc., while those in the rows of the series I b, II b, III a, IV b, Va, their groups are 2, 2, 3 etc. —
Pag. 25, 26.

__________

Plate XIX.
SALENIANS.
Structure of the test.

Salenia goësiana Lov.
Fig. 159. Test seem from the right side.
Fig. 160. Buccal surface. In the interior, vis-à-vis the interradial area 2, the right anterior genital piece, hollowed in
part by the madreporite.
Fig. 161. Dorsal surface.
Fig. 162. Peristomal part of ambulacrum III showing the disposition of the pores.
Fig. 163. Part of the dorso-central system with protruding prominences.
Fig. 164. Primary mamelon.
Fig. 165.Spread-out integumentary skeleton of the peristome. The primary pore of series I a, II a, III b, IV a, V b. is
farther from the edge than that of series I b, II b, III a, IV b, V a.

__________

Plate XX.
CIDARIDS.
Structure of the test.

Cidaris hystrix (LAMK.).
Fig. 166. Spread-out skeleton.
Fig. 167. Peristome and buccal membrane. The ambulacral plates having reached the edge of the corona, become by
the successive solution of the suture and pass into the membrane, transforming into imbricated scales.
Cidaris papillata (LESKE).
Fig. 168. Peristomal region seen from the interior. The passage of the ambulacral plates between the auricles (aur.)
fixed on the interradial areas. The protrusions in the form of arcs are omitted.
Fig. 169. Scaly plates of the buccal membrane, a, b, the smallest, c—h, the largest and farthest from the mouth.

__________

Plate XXI.
ECHINIDS.
Dorso-central system. Apical system, its transformations, its homologies. homologies.

Unknown species.
Fig. 170. A very young individual, 1.2 mm in diameter, the central disc, a, located a little off center toward the
interradius 1, still nearly fills entirely the space between the bases of the four genital pieces, b, leaving only
between it and genital piece 1 a very narrow gap, first indication of the location of the anal opening. All the
pieces are marked with parallel stripes crossing the sutures and forming lozenges, No trace of madreporite,
ocular or genital pores.
Toxopneustes droebachensis (0. F. M.)
Fig. 171. Individual of 2.4. mm in diameter. The central disk, a, nearly in the center. A considerable gap is open
because of resorption of the edge of the side of the genital pieces, b, 1 and 5, as well as its corresponding
edges. In the membrane filling tis gap are formed two calcareous platelets. Stripes as in the preceding figure.
Some madreporite pores in genital piece, b, 2. All the ocular pieces, c, separated from the central space.
Those of the bivium, I and V, are nearer than the other.
Fig. 172. Individual 4.5 mm in diameter. The disk, a, fills only half the large central space. The gap occupied by the
anal membrane is covered with several calcareous platelets. The stripes are omitted in this figure as in the
four that follow. Madreporite pores, more numerous in genital piece 2. Ocular pores are apparent. Ocular
piece I is the entrance to the enlarged enclosure. It separates them from the genital pieces 1 and 5. Ocular
piece 5 is nearer the central space.
Fig. 173. Individual a little more advanced, 5.2. mm. In the large gap, the number of platelets has increased. The anal
opening is visible, beside ambulacrum I.
Fig. 174. Individual of 10 mm. The central space is considerably enlarged at the expense of its enclosure. The disk
makes more than a third. The genital conduits pierce their five pieces. Ocular piece V is at the point of
touching the anal membrane.
Fig. 175. Individual of 16 mm. The central space, always larger in proportion to its enclosure, originally pentagonal
has finally become oblong in the direction of ambulacrum I and interradial area 3. The central disk, a, still
recognizable among the numerous platelets of the anal membrane is found near genital pieces 2 and 3.
Ocular piece V is entered into the enclosure. Piece IV is near it.
Fig. 176. Adult individual of 56 mm. The central disk is lost in the multitude of platelets that incrusts the anal
membrane. The successive growth of this has led to a considerable decrease in the pieces of the enclosure,
particularly of ocular pieces I and V and of genitals 1, 5, and 4 in a way that ocular piece IV is at the point
of touching the edge of the periproct. — The magnifications of figures 171 to 176 are out of proportion.

Salenia.
Fig. 177. Apical system of an adult individual, to compare corresponding parts to those of a very young Echinid: fig.
170, 171. As in this one, the central disk that has remained solid, not having been replaced by a flexible
membrane with platelets, is exactly contained between the bases of the genital pieces. The anal opening is
practically the same as in Toxopneustes to the point of contact between genital pieces b 1 and b 5, vis-a-vis
of ocular piece I. Parallel stripes cross the sutures in forming lozenges. All five ocular pieces, c, equally far
from the central disk.

Marsupites.
Fig. 178. The central disk pentagonal, a, the stem in other Crinoidea, intact. It is surrounded by five parabasilar pieces
of the first order, b, homologous to the genitals of Echinoidea, and, in the corners of these, five others, b 2,
the parabasilars of the second order.
__________

Plate XXII.
CASSIDULIDS.
Structure of the test.
Cassidnlus pacificns A. AGASSIZ.
Fig. 179. Spread-out skeleton. In the interradial areas 1, 4 and 5, the second and third plates of the two series are
marked with their number of order.

___________

Plate XXIII.
COLLYRITIDS.
Structure of the test.

Collyrites elllptica LAMK.
Fig. 180. Spread-out skeleton. The first four plates of the interradial areas 1 and 4 numbered.

__________

Plate XXIV.
ANANCHYTIDS.
Structure of the test. Heteronomy of the interradial area.

Ananchytes sulcata GOLDF.
Fig. 181. Spread-out skeleton. The two plates 2 of series a and b of interradial area 1 are merged into one single plate
.

__________

Plate XXV.
ANANCHYTIDS.
Structure of the test. Hetronomy of the interradial area 1.

Holaster scanensis Cotteau.
Fig. 182. Spread-out skeleton. Plates 2 of 1 a and 1 b are merged into one only.
Fig. 183. Peristomal region of a second individual.
Fig. 184. The same part of a third, showing some variability in the arrangement of the interradial area 4 in plate 2 of
series a is separated from plate 3 of the same series.

__________

Plate XXVI.
SPATANGUIDS PRYMNADETES.
Hemiaster expergitus LOV.
Fig. 185. Spread-out skeleton of individual figures in pl. XIII, fig. 11–120. Heteronomy of interradial area 1 normal,
i.e., resulting from the fusion of plates 3 and 2 of 1 a into one only. Ancient type with interradial plates of
nearly equal length and width, sub-hexagonal, unpaired interradial area little developed, sternum weakly
indicated by plates 2 larger than the others, and numerous pre-anal plates, uniform with a trace of an
episternum.

__________

Plate XXVII.
SPATANGIDS PRYMNADETES.
Faorina chinensis GRAY.
Fig. 186. Spread-out skeleton. Heteronomy of interradial area 1 constituted according to the old type, i.e., by the fusion
of the two plates 2 of 1 a and 1 b into a single plate. Sternum distinctly developed, but narrow, formed of
plates 2, slightly unequal, of the unpaired interradial area. Episternum scarcely indicated by the size and
contours of plates 3. Pre-anal plates tending toward the arced form proper to those of the modern type, comp.
Pl. XXXV, XXXVII etc.

__________

Plate XXVIII.
SPATANGIDS PRYMNADETIDS.
Desoria australis GRAY.
Fig. 187. Spread-out skeleton. Heteronomy of interradial area 1 according to the ancient type, i.e., depending on the
joining of plates 2 of 1 a and 1 b. In 4 b, plate 2 is separated from plate 1. Sternum very developed, the
right plate, that of row b, bordering next to the median suture, that of row a with a longer lateral edge.

__________

Plate XXIX.
SPATANGIDS PRYMNADETES.
Abatus philippii Lov,
Fig. 188. Spread-out skeleton. Heteronomy of interradial 1 normal. Sternum with right plate shorter than the left.
Fig. 189. Buccal membrane.
Fig. 190. Anal membrane.

__________

Plate XXX.
SPATANGIDS PRYMNADETIDS.
Agassizia scrobiculata VAL.
Fig. 191. Spread-out skeleton. Petalar plates of II b and IV a much narrower than those of II a and IV b. Normal
interradial heteronomy.
Fig. 192. Buccal membrane.
Fig. 193. Anal membrane.

__________

Plate XXXI.
SPATANGIDS PRYMNADETIDS.
Schizaster fragilis DÜBEN AND KOREN.
Fig. 194. Spread-out skeleton. Heteronomy interradial normal.
Fig. 195. Buccal membrane.
Fig. 196. Anal membrane.

__________

Plate XXXII.
SPATANGIDS PRYMNADETIDS.
Palaeostoma mirabile (GRAY.)
Fig. 197. Spread-out skeleton. Anomalous type. Plate 5 of 1 a much larger than that of V b. Plates 2 of the two rows
a and b of the interradial areas 2, 3 and 4 fused together. Interradial heteronomy brought about by the
conjunction of plates 2 of the two rows and of plate 3 b into a single plate. Unpaired area very irregular.
Right plate 2 of the sternum much shorter than the that of the left side. 3 of the same side pushed forward
and separated from plate 4 of row b by the interposition of ambulacral plate 5 of I a.
Fig. 198. Buccal membrane.
Fig. 199. Anal membrane.

SPATANGID PRYMNODESMIANS.
Structure of the test

Palaeotropus josephinae Lov.
Fig. 200. Spread-out skeleton of the individual figures in Pl. XIII, fig. 108 to 113. Intermediate form. Amboulara of
an ancient type apetalous. Paired interradial areas recalling those of prymnadetids. Unpaired areas alone
the modern type with a very developed episternum a deep episternal corner and a single pair or pre-anal
plates.
__________

Plate XXXIII.
SPATANGIDS PRYMNODESMIANS.
Mîcraster coranguinum LAMK.
Fig. 201. Spread-out skeleton. Intermediary form. Interradial hetronomy normal. Paired interradial plates short and
wide. Elongated labrum widened posteriorly. Sternum weakly developed. Right plate 2 shorter than the
other, one small plate having separated from it. Beginning of an episternum. Several pairs of pre-anal plates,
conforming to the abdominal and dorsal plates.

__________

Plate XXXIV.
SPATANGIDS PRYMNODESMIENS.
Brissus scillae AGASSIZ.
Fig. 202. Spread-out skeleton. Interradial heteronomy normal in that plates 2 and 3 are merged into one only. Because
of the extension of plate 2 of 1 b and of 4 a, plate 2 of 1 a and of 4 b is separated from plate 1. Compare
Desoria australis GRAY, pl. XXVIII. Sternum and episternum developed.
Fig. 203. Buccal membrane.
Fig. 204. Anal membrane.

___________

Plate XXXV.
SPATANGIDS PRYMNODESMIANS.
Meoma ventricosa LAMK.
Fig. 205.Spread-out skeleton. Infra-anal fasciole incomplete. Interradial heteronomy normal.
Fig. 206. Buccal membrane.
Fig. 207. Anal membrane.

__________

Plate XXXVI.
SPATANGIDS PRYMNODESMIANS.
Spatangus purpureus O. F. M.
Fig. 208. Spread-out skeleton. Interradial heteronomy normal.
Fig. 209. Interadial plates 2 to 6 of 4 b, showing the adoral edge of plates 3, 4, 5. Extending in a thin protruding lamina
penetrating under the aboral edge of the preceding plate.
Fig. 210. The same plates, seen from the interior.
Fig. 211. Buccal membrane.
Fig, 212. Anal membrane.

__________

Plate XXXVII.
SPATANGIDS PRYMNODESMIANS.
Brissopsis lyrifera Forb.
Fig. 213. Spread-out skeleton of an adult individual.
Fig. 214. Interradial plates 2 to 5 of 4 a, with their protruding lamina, seen from the exterior.
Fig. 215. The same, seen from the interior.
Fig. 216. Buccal membrane.
Fig. 217. Anal membrane.
Fig. 218. Very young individual 4.6 mm in length. The peristomal plates of the ambulacra of the trivium are much
narrower than the interradials, which are wider and less wedge-shaped than in the adult. As in this one,
plates 1 to 5 of rows I a and V b correspond to the labrum, to the sternum etc., and to the episternum in front
of the episternal corner, but everywhere else the relations between the ambulacra and the interradial areas
change considerably with age. Thus, in the young, in rows I b and V a, these are plates 1 to 6, in the adult,
plates 1 to 7 ½. These together equal the first three interradial plates 1 a and 4 b. In the young, the two first
plates of I b and V a, in the adult, the three first plates nearly fill completely the length of the edge
corresponding to interradial peristomals 1 and 4. At the trivium of the young individual, the ambulacral
peristomals correspond to the interradial peristomals 2 and 3, or the same excess. In the adult there are two
or three pairs of ambulacral plates that together have the same extensions. This is because the number of
ambulacral plates equaling in extension the number of interradial plates increases with age, due to the
pressure resulting from the growth of the petal. The effect is felt all the more as the plates themselves are
closer to the peristome. — Moreover, of all the parts of the test, the unpaired interradial area is the one that
has the most differences when compared to the adult. It is especially the episternum that is much shorter
and narrower posteriorly. The pre-anal plates are also very narrow and more elongated in proportion.

__________

Plate XXXVIII.
SPATANGlDS PRYMNODESMlANS.
Kleinia luzonica GRAY.
Fig. 219. Very regular type of modern Spatangids with a short labrum. Interradial heteronomy normal.
Fig. 220. Buccal membrane.
Fig. 221. Anal membrane.

__________

Plate XXXIX.
SPATANGIDS PRYMNODESMIANS.
Echinocardium cordatum Penn.
Fig. 222. Spread-out skeleton. Very regular modern type, with fasciole crossing the petals and erasing the adjacent
pores.
Fig. 223. Interradial plates of 2 to 4 of 4 a, seen from the exterior showing protruding areas.
Fig. 224. The same, seen from the interior.
Fig. 225. Buccal membrane.
Fig. 226. Anal membrane.

___________

PLATE XL.
SPATANGIDS PRYMNODESMIANS
Plagionotus pectoralis (Lamk.)
Fig. 227. Spread-out skeleton. Second plates of the paired interradial areas enlarged at the expense of the sternum and
ambulacra. Regular type.

___________

Plate XLI.
SPATANGIDS PRYMNODESMIANS.
Breynia anstralasiae LEACH.
Fig. 228. Spread-out skeleton Second plates of the paired interradial areas large. Elongated labrum. Small sternum.
Pores of paired petals deranged by the fasciole. — By an individual deviation, peristomal plate IV is unipore.

__________

Plate XLII.
SPATANGIDS PRYMNODESMIANS.
Maretia planulata (LAMK.).
Fig. 229. Spread-out skeleton. Second plates of paired interradial areas very large, the following very wide. Labrum
elongated, as long as the sternum. Ambulacra gradually developing into petals.
Fig. 230. Buccal membrane.
Fig. 231. Anal membrane.

___________

Plate XLIII.
SPATANGIDS PRYMNODESMIANS.
Lovenia snbcarinata GRAY.
Fig. 232. Spread-out skeleton. Peristomal plates of the paired interradial areas elongated. Labrum very elongated and
elongated posteriorly. Sternum small. Internal fasciole erasing adjacent pores of the petals.
Fig. 233. Buccal membrane.
Fig. 234. Anal membrane.

__________

Plate XLIV.
CLYPEASTRIDS.
Echinocyamns pnsillus (O. F. M.).
Fig. 235. Spread-out skeleton. Distribution of small pores, confined here to the ambulacral plates occupying most of
the peristomal plates, arranged along the external and aboral edges of the following, and none in the petals.
Regular general form, radiated. Asymmetry of the ambulacra distinct, even in the second pair of their plates.
Interradial areas very similar, free and coherent in all their extent, ended in a single large triangular plate.

__________

Planche XLV.
CLYPEASTRIDS.
Laganum depressum LESSON.
Fig. 236. Spread-out skeleton. The pores have been omitted from this figure as in the following. Very regular general
form, radiated. Marked asymmetry of the ambulacra even in the second pairs of their plates, 2. Interradials
area very conforming, very narrow, free and coherent in all their extent, with a large triangular terminal
plate. The periphery is indicated by a dotted line.

__________

Plate XLVI.
CLYPEASTRIDS.
Encope valenciennesi AGASSIZ.
Fig. 237. Spread-out skeleton. Asymmetry of the ambulacra apparently the same in their two pairs of plate 2. Widened
until they touch each other and form a single large enclosure separating peristomal plate 1 from the rest of
the interradial area. Anal opening placed between plates 2 of I a and V b and the second plates of the
unpaired interradial area. Interradial areas very similar except for the lunule of the unpaired, attenuated at
the summit and terminated by a pair of very small plates containing among them the genital pore and
embracing the corresponding corner of the star-shaped apical system. Compare Clypeaster rosaceus (L.) Pl,
XVI, fug, 136. The periphery of the body is indicated by a dotted line.
Rotiila dentata (Lamarck).
Fig. 238. Lower surface. Asymmetry of the ambulacra evident in their peristomal plates. Plates 2 enlarged in way to
touch and to form an area interrupted, on one hand, by the bivium where the first plate (geminate), 1, of the
interradial area remains in contact with the second and, on the other hand, by an exceptional arrangement
of interradial 3 that is intact and coherent.

__________

Planche XIVII.
CLYPEASTRIDS.
Clypeaster rosaceus (L.)
Fig. 239. Spread-out skeleton. Asymmetry of the ambulacra evident in their peristomal plates. General form very
regular, the first plate 1, of all the interradial areas, being separated from the following by plates 1–3 of the
ambulacra. The periphery of the test is indicated by a dotted line.

___________

Plate XLVIII.
CLYPEASTRlDS.
Mellita hexapora (GMELIN).
Fig. 240. Spread-out skeleton of an adult individual. Asymmetry of the ambulacra evident in their peristomal plates
but disturbed in plates 2 of I a and V b because of the resistance offered, at their expense, by plates 2 of the
unpaired interradial area, which remain in contact the plate 1, while in the other interradial areas they are
elongated by the junction of plates 2 and 3 of the ambulacra.

__________

Plate XLIX.
CLYPEASTRIDS.
Mellita hexapora (GMELIN).
Fig. 241. Spread-out skeleton of a very young individual, 6.5 mm in length. Asymmetry of the ambulacra evident in
their peristomal plates. Interradial plates 1 of areas 1, 2, 3, 4, isolated from plates 2 and following. The
unpaired interradius wider than the others, free. The single lunule, that of the unpaired interradius, circular,
contiguous with the anal opening.
Fig. 242. Individual of 8.3 mm in length. Ventral surface. Separation of interradial plates 1 from the more advanced
paired areas, plates 3 of the ambulacra commencing to touch. The lunule is a little oval and more elongated
and farther from the anus.
Fig. 243. Individual of 35 mm. Ventral surface. Isolation of interradial plates 1 very advanced. Plates 3 of the
ambulacra all touching, with the exception of those of I a and V b.

__________

Plate L.
CLTPEASTRIDS.
Echinarachnius parma (LAMARCK.)
Fig. 244. Spread-out skeleton of an adult individual. Natural size. Asymmetry of the ambulacra evident even in their
second plates. Isolation of interradial plates 1 is more complete in the unpaired area than in the others.
Fig. 245. Spread-out skeleton in very young individual, 6.5 mm in length. All the interradial areas intact and coherent.
Fig. 246. Ventral surface of an individual 34 mm in length. Intermediary state.

__________

Plate LI.
CLYPEASTRIDS.
Arachnoides placenta (L.)
Fig. 247. Spread-out skeleton of an adult individual 60 mm in length. Poriferous areas indicated by dotted lines. The
peristome is composed only of ten ambulacral plates, to the exclusion of interradial plates. Asymmetry is
very evident in the second ambulacral plates, is lacking in the peristomia plates of IV. General form very
exactly radiated, the bivium alone leaving a gap between the second plates, through which plate 1 of the
unpaired area can be seen.
Fig. 248. Ventral surface of a young individual 45 mm in length.
Fig. 249. Peristome of the same, composed, as is the rule, of ten ambulacral plates and five interradial plates. The
asymmetry of the ambulacra, very evident in their second plates, is less pronounced in the first, particularly
in I and II.
Fig. 250. Peristome of an individual a little larger, 55 mm in length, in which the interradial plate (1) of area 2 has
disappeared, its place being indicated by the two dotted lines. Subsequently, and contrary to the rule, III a
has become larger than III b and II b larger than II a.

___________

Plate LII.
CLYPEASTRIDS.
Arachnoides zelandiae GRAY.
Fig. 251. Ventral surface of an adult individual 80 mm in length. Poriferous areas indicated by dotted lines.
Fig. 252. Peristome of the same. Asymmetry is only vaguely pronounced. The peristome is composed of ten small
ambulacral plates and five interradials, 1, rather large.
Fig. 253. Peristomal part of ambulacrum III of the same, showing the median lamina with the pores of the large buccal
tentacles and the sphaeridia. Compare fig. 77, 78 of plate VIII.
Fig. 254. Ventral surface of a young individual 14.6 mm in length.
Fig. 255. Peristome of the same. Asymmetry is more pronounced especially in the second plates. The interradials 1
noticeably smaller proportionally than in the adult.

__________

Plate LIII.
ASTERIADAE.
Homologies to their skeleton. Compare Plate XXI.

Asterias glacialis L.
Fig. 256. Very young individual of 1.3 mm, seen from its ventral surface, the spines being omitted.
Fig. 257. The same, seen from its dorsal surface. In this state, the skeleton is constituted nearly exclusively by two
systems, the dorso-central (the apical system) and the ambulacral I, II, III, IV, V, a, b: the ambulacrals.
a: the central disk or basals.
b: the genitals, or parabasals.
c: the oculars or radials.
p: lamina still extremely small, first rudiment of the perisomatic, or interradiary, system.
Fig. 258. Individual a little more advanced, or 2 mm, seen from the ventral surface.
Fig. 259. The same, seen from the dorsal surface. Same significance of the letter. The small lamina, p, is replaced by
three series of platelets, pp; this is the perisomatic system that begins to develop.
Fig. 260. Another individual, 4.5 mm in size. Same significance of letters. In each ray two pairs of respiratory tentacles,
t. r., have appeared. The genital piece (parabasal) 2 is pierced by the madreporite.
Fig. 261. Genital piece 2, seen from the exterior.
Fig. 262. The same, seen from the interior.
Fig. 203. Genital piece 3, seen from the exterior.
Fig. 264. The same, seen from the interior.
Fig. 265. The same, seen in profile.
Fig. 266–267, 268–269, 270–271. Development of the madreporite, and modifications in form of the genital pieces.
Fig. 272. Transverse section of the stony canal of a nearly adult individual.
Fig. 273. Spine of the individual in fig. 257.

___________

